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q TH E AN ALYS’ 
THE SOCIETY FOR ANALYTICAL CHEMISTRY . 


_A Joint Meeting of the Society and the Association of Public Analysts, organised by the _ _ 
_ Western Section of the Society, was held at 2.30 p.m. on Saturday, December 10th, 1955 ie 
in the Council Chambers of the City Hall, Cardiff. _ Members’ of the Food Group of the 
Society of Chemical Industry were invited to attend. hie 
} aa ™ the absence through illness of the Lord Mayor of Cardiff, the Deputy Lord Mayor, ‘a 
oe by the Deputy Lady Mayoress, gave a short address of welcome to the 50 
members and visitors who were present. 
ai Dr. K. A. Williams, F.R.1.C., A.Inst. P., M. Inst. Pet., , President of the Society, invited i. 
T. McLachlan, D.C.M., A.C.G.F.C., F.R.LC., President of the Association of Public 
‘ Analysts, to take the Chair, and the following paper was presented and discussed: “Sucrose — Be 
a Loss from Ice-cream on ‘Storage, ’ by H. J. Evans, B.Sc., F.R.LC., W. Kwantes, M. - MB B., 


Robert Ballantyne Adamson, ARI. C.; Guy Houghton Baker, A.R.I.C.; Herbert Buchw wald, ae 
B.Sc. (Lond.); Doreen Marjorie Henney: George Hunter, M.A., D. Sc., F. R:S.C. ; ; John 4 . 
Alexander Hunter, B.Sc., Ph.D. (Edin.); Sidney Bertram Phillips, F.R.I.C.; Peter Sleightholm, fis 
M.A., B.Sc. (Oxon.), ARIC.; ; Tsugio Takeuchi, Dr.Ing. (Tokyo) ; Eric Ernest Taylor, B.Sc. ‘ i 


“ta pad 


AN Ordinary ree of the Section was held at 7.15 p. m. on Wednesday, December 14th, 
1955, in the George Hotel, George Street, Edinburgh. — a The Chair was taken by the Chairman 
the Section, Dr. F. J. Elliott, F.R.LC., F.RS.E. 
A lecture entitled “Statistics for Chemists (Statistical Control in Chemical Analysis)” 


Tue First Annual General Meeting of the Section was held at 11.30 a.m. on Saturday, — 

- December 10th, 1955, at the Park Hotel, Cardiff. Mr. H. J. Evans, B.Sc., F.R.I.C., was — 
in the Chair. The following Officers and Committee Members were elected for the forth- 


coming years: P. Cc. Vico-Ch hatrman—Mr. H. Ellis. Hon. 
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_ The Annual General Meeting was follow ed at 2.30 p. m. , in the Council Chambers of the 


AN Ordinary Meeting the Section was held at p.m. on Wednesday, I December 7t 7th, 1955 


was taken by the Chairman of the Section, Mr. R. Leech, J. ul? 
‘paper on “Some Physical Methods for the Analysis of 
AN Ordinary ‘Meeting of the Section was held at 7 p.m. on Thursday, December 15th, 1955, 
at the Technical College, Nottingham. — _ The Chair was taken by the Chairman of the Section, 
lecture was given on’ “Recent Advances in Analysis” by Belcher, Ph.D., 


THE 5ist Ordinary, Meeting of the Physical Methods. Group was held jointly with ‘the 
_ Western Section at 6.30 p.m. on F tiday, October 28th, 1955, in the Chemistry Department, 
er Ww oodland Road Entrance, Bristol University. The Chair was taken by Dr. J. E. Page. — 
a _ The following papers were presented and discussed: “X-ray Analy: sis of the Structure 
of Vitamin By,” by Dorothy Crowfoot Hodgkin, B.Sc., M.A., Ph.D., F.R.S. (see summary 
below) ; “X-ray Fluorescent Quantitative Analysis as a Tool in Archaeology,” by E. T. Hall, 
+o = A: »D. Phil. ; “X-ray Diffraction Techniques in the Investigation of Crime,” by E. B. Parkes, 


* ists were made before the meeting to i ee s Cellars and to the _ Ashton 


x4 RAY AN. ALY SIS OF THE OF Bye 
a: Dr. HopcxIn said that, since . the isolation of crystalline vitamin Bus! seven years 
“ago, they had used X-ray diffraction methods to assist in finding the chemical structure 
of the vitamin. _ Their examination had been closely interlocked with chemical investi- 
gations carried out in a number of These showed that the vitamin had 
the formula Cg, ¢4 Nig Or3-14 , PCo and that it contained a CN group, 
a nucleotide-like group built of benziminazole, ribose and phosphate units, a propanol- | 
amine residue and probably six amide groups attached to a large remaining nucleus} 
3 of unknown structure containing about 45 carbon atoms. sO 
i eet: _ They had found it possible to discover the arrangement of the atoms in this nucleus ¥ 
a through the calculation of the electron-density distribution for four different crystals: 4 
air-dried and wet vitamin-B,, crystals, vitamin-B,,.SeCN, and the hexacarboxylic acid 
Peo: bay degradation product of vitamin B,, prepared by Cannon, Johnson and Todd. In these | 
2 - calculations they had used phases for the terms in the Fourier series employed based 
* 7 on, , first, the cobalt atoms, and then on gradually increasing known regions of the 
oa _ structure; the correct atomic positions could be selected from among the many spurious 


could now write a tentative the The. inner 
- nucleus had been found to have interesting and unexpected structural relations with 
eo peepee. _ The molecule as a whole was very compact; a number of small — 
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|= with essentially similar molecular arran ements. 

THE Eleventh Meeting ‘of the Group was held in the meeting of 
Chemical Society, Burlington House, London, W.1, on Friday, December 9th, 1955 
615 p.m. The Chair was taken by Dr. L. J. Harris, F.R.LC. The following Officers and % 
Committee Members were elected for the forthcoming year: —Chairman—Mr. K. L. oe i 

P Vice- Chairman—Mc. S. A. Price. Hon. Secretary | and Treasurer—Mr. K. A. Lees, Glaxo 

Laboratories Ltd., Sefton Park, Stoke Poges, Bucks. Members’ of Committee—Dr. L. J 

| Harris, Miss A. M. Jones, Drs. .y ‘I. M. Jones, S. K. Kon, K. C. Sellers and E. C. aa 
J. W. Lightbown was re-appointed Hon. Recorder, and Messrs. D. M. Freeland and 
H. Hamence were re-appointed as Hon. Auditors. 
~The Annual General Meeting was followed at 6.30 p.m. by a an n Ordinary Meeting of the - 
Group. The following papers were presented and discussed: Microbiological Plate 

| Assay of Penicillin in Compound Feeding Stuffs,” by J. S. Simpson and K. A. Lees, F.P.S. an 
; “A Simple Method for the Determination of pA, at 2 Minutes,” by Mary F. eg “dll ae 
| M. B., ,B. S., M.D., M.R.C.P., Ph.D.; and a demonstration of an automatic apparatus for 
isolated preparations, suitable for the assay of oxytocin and similar assays, was given by 
Lock, 1 B. Se., FPS (see summary below). 
eS Avromanic J APPARATUS FOR ISOLATED PREPARATIONS, SUITABLE FOR THE Assé 
a Mr. Lock demonstrated an apparatus* that was basically similar to those peerenay 
4 > described, but which had the practical advantage that doses of drug were added directly | are 
t, ae. arrangement overcame the difficulty that frequently arose when the drug was 
; incorporated in reservoirs of bathing fluid: trial doses added directly to the bath, when 
ein extrapolated to the necessary dilutions in the bathing fluid, were not always found to 
__be effective, and the reservoir might have to be emptied and refilled several times before 
a satisfactory result was achieved. Further, the preparation might vary in sensitivity — 

4 in the course of an assay; if this occurred the assay might have to be abandoned. — a , 

4a = the arrangement demonstrated adjustments of doses could be | carried out | rapidly with ae 

disturbance to the rest of of the apparatus. 


ra Previously demonstrated at a meeting of the British | - Pharmacological Society at Leeds, 
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BELCHER, NUTTEN, PARRY AND $1 STEPHEN: ‘[Vol. 8 an., 

Titrimetric ation yn of Sulphate e with 
mino-4! Hydrochloride as ‘Reagent | solut 
R - BELCHER, J. NUTTEN, E. PARRY AND W. I. STEPHEN 

(Presented at the meeting the M Midlands: on Wednesday, May 25th, 1955) 

examination has been made of use 4-amino- -4’-chlorodiphenyl but 

+! as a reagent for the titrimetric determination of sulphate. Conditions have vibe ua 
= been established to permit the determination of 25 to 100 mg of sulphate in i. isa -= 
3 an initial volume of 100 ml and 2-5 to 25 mg in an initial volume of 50 ml. S -— 

8 

7 _ When a short standing time is used, it is essential to maintain a minimum final wits - or a 
id concentration of reagent above 0-12 cent. to ensure complete precipitation ~ mor 
Attempts have been made to the interference of phosphate 
by simple means, but the only satisfactory way was to precipitate it as 
oy Magnesium ammonium phosphate and filter off the precipitate. 
oor The possibility of using salts other than the hydrochloride as reagents — vrei The 
been examined, but none had any advantage. on 


= Tae w use of benzidine as as a reagent ent for tl the titrim titrimetric determination of sulphate i is well known in 
has found many applications." At first sight the method appears to be attractive, by 
, for it is more rapid than that in which barium sulphate is the final weighing form, or than me 
“either of the other two available gravimetric methods,?.* but the sensitivity of benzidine | COL 
__ towards sulphate is poor and it is not possible to obtain highly accurate results. Large - tar 
: _ of nitrate interfere, and many other ions tend to be co-precipitated. A number of wil 
amines related to benzidine has been prepared,‘ one of which, 4:4’-diaminotolane, has a § of 
_ greater sensitivity towards sulphate.’ This reagent can be used for the titrimetric determina- sel 


tion of sulphate, but is not satisfactory for amounts less than “aget mg.* Further, its synthesis 
During the course of this work the properties of the of several -amines | th 
-° were examined. It was found that although the sulphate of 4- -aminodiphenyl was more | 
ie than that of benzidine, less sulphate ion was actually left in solution, owing to the as 


higher molecular weight of the precipitate. _ The sensitivity of this amine towards sulphate § to 


* _ was low, so that its use as a reagent was precluded, but it became apparent that low sulphate C0 

ela was not a property confined to para substituted diamines. _ Accordingly, several 1 
_‘p-aminodiphenyl derivatives substituted in the vacant para position were prepared.” One 
is these, 4-amino-4’-chlorodiphenyl, possessed many of the characteristics of the ideal reagent 
S com £ and was therefore proposed for use in the determination of sulphate. It was later applied tc 


to the determination of sulphur in organic compounds containing nitrogen. 
oat It has been suggested? 1 that co-planarity and co-linearity are essential characteristics | 
for low sulphate solubility, but this has been shown only for diamines. It remains to. 
investigate the influence of these factors on the solubility of mono-amine sulphates, which — 


. doubtless have different crystal structures, and this work is now proceeding. Compounds 


such as 4-amino-4’-chlorostilbene.and 4-amino-4’-chlorotolane should provide useful informa-— 


ideal “reagent of this type should possess the following properties— 


b) it should be sensitive towards sulphate, 


my it should not be subject to interference by nitrate ions, 
should be recoverable, and 
salts sould be appreciably soluble. 


Teagents in this field will be continued. Amongst its is its 
as ee ee is less selective than the barium bayer > The precipitate must be dispersed on a macerated — 
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It was found possible to work with 


: a more concentrated solution of the reagent (0-48 per cent.) is used for = amounts of =—3 : 


an. TITRIMETRIC DETERMINATION OF ‘SULPHATE 
to the low solubility of the amine hydrochloride doe salt used as reagent), large * volumes 


_ Although the solubility in water of the Pv amine sulphate is very low, that of the - 
freshly precipitated material appears to be higher. However, it should be emphasised that 
solubility in water merely acts as a guide to the suitability of a reagent, for its sensitivity — 
to the ion being determined is of far greater significance. 4-Amino-4’-chlorodiphenyl is ee 
far more sensitive towards sulphate than any other known reagent. It will produce a 
pronounced turbidity with 0-001 N sulphuric acid, whereas a 10 per cent. barium chloride 5 
solution, although having the advantage of greater concentration, has no immediate effect. 
It may well be that the reagent could be used for the turbidimetric determination of sulphate, — 
but its success would depend on the establishment of conditions under which a stable 
_ It may be that a reagent with more favourable properties will never be forthcoming, — 


or at least not for some considerable time. _ Hence it was considered desirable to make a 


7 The original paper describing the new reagent was primarily concerned with ~~ 
theoretical aspects of the sulphate solubilities of 4-amino-4’-chlorodiphenyl and its analogues. - 
The possibilities of the reagent were only shown under more or less ideal conditions, and . 
small volumes of sulphate solution were used (not more than 25 ml). It remained 
to examine ‘sulphate recoveries with volumes of solution more in keeping with nena _— 
It is known that zinc, copper, magnesium, , iron™, choeninn™, calcium and the alkali 
‘metals do not interfere when present in moderate amounts. | Aluminium forms an insoluble 
complex salt containing sulphate, but its interference can be overcome by the addition of _ 
tartaric acid. Phosphate, tellurite, selenate and oxalate interfere by forming insoluble salts 
with the reagent. Tellurate and selenite have no effect, and it was hoped to base a separation | 
_ of selenium and tellurium on these observations, _ but unfortunately the amine tellurite and — 
selenate are not sufficiently insoluble. — 
The most serious interference from a practical point of view is that of phosphate. Hence 
- further attempts have been made to eliminate it, for the usefulness of the reagent would : 


common, ‘salts of 4- prove worth 
i The hydrochloride is now available commercially, but some sa’ .ples contain an wai 
_ compound i in amounts up to 10 per cent. We have identified this as 4: 4’-dichlorodipheny]. :" 
When present, it can be removed by filtering the warm solution, but care should be ta taken 
i ensure that the filtrate is then saturated wit! Tespect to the reagent. wet 55. 


arger volumes of solution ‘than those originally me 
recommended. _ Amounts of sulphate between 20 and 190 mg can be satisfactorily determined 
_ in volumes of up to 100 ml, whilst for amounts of sulphate between 2-5 and 20 mg the volume % 


may be as large as 50 ml. A selection of results is given in Tablel, 

VOLUME AND FINAL CONCENTRATION OF REAGENT— 


Bot In the original paper’ it was recommended that at least a twofold excess of reagent — 
‘should be added. This ‘still necessary, but a further condition must now be stressed 


concentration of the solution after precipitation of sulphate is greater than 0-12 per cent. 
with respect to the hydrochloride of 4-amino-4’-chlorodiphenyl. - Accordingly, if a 0-24 per — 5) 
cent. solution of the reagent is used to precipitate sulphate, somewhat more than an equal > 
volume of the reagent must be added to attain this critical final concentration. When a 
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- reagent ‘must — at least twofold; in some cases, because of the concentration requirements, 
the excess of reagent may be considerably greater than this. Two millilitres of reagent of 
known concentration were added to I-ml amounts of sulphate solution of decreasing con- | - 
centration. The point at which no turbidity appeared after 5 to 10 minutes was taken as} 

‘Tinetrate that the concentration of reagent was insufficient to effect precipitation. Fig. L 


illustrates the relationship between the final concentration of tt the solution with respect to} 


from 50 ml of solution from 100 ml of solution 


2- 67 l 


the and the amount of left i in after ‘It will be seen 

that, when the final concentration of the reagent is 0- 12 per cent. or greater, the amount of 


a 

“CCP 


das 


Sulphate left in sol litre 
ulphate left in solution, mg per litre 


Fig. Relationship between the final concentration of reagent in fa 
Solution and the amount of sulphate left after precipitation 


FILTRATION AND WASHING OF THE PRECIPITATE— = 


- .aiheds During the course of this work, it was found that if the pulp fibre used for the filtration 
: 4 had been prepared in a finely divided state, and a small amount of the pulp had previously 
been added to the precipitation vessel, the precipitate could be retained on a pad about 
4 to inch thick, irrespective of the amount of sulphate being was | 
_ thus more easily carried out, because less reagent was — in the - 
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‘THE TITRIMETRIC DETERMINA’ ATION OF SULPHATE 


to error. A common "device in chemistry | to avoid 
errors is to wash with a saturated solution of the precipitate itself. Accordingly, following — mi 

| a suggestion by Dr. B. B. Bauminger,® we have incorporated in our method a wash solution ae 

| consisting of water saturated with 4-amino-4’-chlorodiphenyl sulphate. A larger” ‘blank 


__ Other wash liquids tried were sodium acetate solution, potassium nitrate solution and 
aqueous ethanol, but none was satisfactory, 
of the salts the base that was examined proved to be more soluble than 
hydrochloride. In the present investigation the acetate, formate, ne oxalate, 


succinate, perchlorate, bromide, fluoride and were prepared an and examined 


or PHOSPHATE 
“2 was hoped that it sachet be possible to peevinitate phosphate by means of a suitable a 
metal ion and then proceed with the determination in its presence. The only metal phosphate 


value was then obtained when the pulp-pad method of filtration was used. - 


precipitated quantitatively under the conditions of the determination was that of bismuth. Be 
Unfortunately, this compound adsorbed appreciable amounts of sulphate and was therefore — 
useless for our purpose. The only satisfactory method was to remove the phosphate as the — 
magnesium ammonium salt (the phosphate could be determined in this precipitate if desired), __ 
separate the precipitate, adjust the pH to between 1 and 2 and then precipitate the suiptinte, a 


ae (a) A solution of bismuth perchlorate was added dropwise from a burette to a solution t 
2 sas containing phosphate and sulphate until no further precipitation occurred. A few. = 
ss drops were added | in excess. The sulphate was then precipitated and titrated in 

(6) Magnesia mixture was added to the ‘slightly acid sulphate solution, 
: added for each 10 mg of P,O, present. Concentrated ammonia solution was then 

added, stirring, until the mixture became slightly alkaline. One further 
4 ‘millilitre of ammonia solution was added. The mixture was set aside for 1 hour 
pe SS at 0° C, and the precipitate was then filtered off and washed with dilute ammonia ¥ 

(1+ 19). The filtrate was boiled to ammonia, cooled, 


Bismuth Sismuth method, Magnesium method, 
27-3, 26-1 29-80, 29-7 
28- +0, 29-90, 29-80 
Pte 25- 24- 8 


Sodium hydroxide, 0-1N, 0-05 N and 0-01N. 
Mixed-indicator solution—A mixture of 0-04 per cent. aqueous red (sodium salt) 
and 0-04 per cent. aqueous bromothymol blue (sodium salt) in the ratio 3 to 2 by volume. 


PROCEDURE FOR 2-5 To 20 mg OF SULPHATE— 

To a solution containing 2-5 to 20m mg of sulphate in not greater than 50 ml y 
and 0-05 N with to acid, add a little paper and suticient of a 
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cent. ‘solution of hy in 0-05 N 


“4 <a ‘a to give at least a twofold excess and a final caainahauien above 0-12 per cent. Set 
wa oc ‘aside for 20 to 30 minutes, stirring occasionally, and filter through a pulp pad, } to 4 inch 
eo is deep. It is essential that this pad is prepared according to the method described by Belcher 

7 and Nutten.” Rinse the precipitation vessel with 5 to 10 ml of filtrate and transfer to 
fe filter. ~ ‘Wash the . precipitation vessel with two 3-ml portions of distilled water and 
then wash the precipitate and pad with a saturated aqueous solution of 4-amino-4'-chloro- 
"diphenyl sulphate until the washings no longer give a test for chloride. Transfer the 
__ Precipitate and pad to the original flask, stir vigorously with a glass rod to break up the pre- 
ef 4 -_cipitate, heat to boiling, add 3 to 4 drops of indicator and titrate with 0- 01 N sodium hydroxide | — 
until a purple tinge appears. - Re-heat and, if the colour changes, continue the titration 
until a permanent purple colour appears, 

_ This procedure may be applied to the determination of sulphur i in organic compounds 

on the micro or semi-micro scale after combustion of the sample and absorption of the 
combustion gases in hydrogen peroxide, 

_ For the micro-determination, take a weight of sample so that not more than 2 mg of 
sulphur are present. The washings from the absorber must not exceed 50 ml. Stir in 

a small amount of paper pulp and add 70 ml of 0-24 per cent. reagent. Stir and set aside | 
= 15. to 20 minutes and complete the determination as described above. = |. Jf 
aa meres mag add 35 ml of 0-48 per cent. reagent heated to 40° C, cool under the tap, 
mplete the determination as described above. ae 

In this case the volume of sulphate solution should not exceed 100 ml and should be 
0-05 N with respect to hydrochloric ‘acid. Produce the precipitate as described above, | 
filtering it off and washing it. Titrate the precipitate with 0- ‘1 N or 0-05 N sodium —_— | 


Prepare. the pad a and wash with a a few millilitres of Drain 
= in the usual way and titration as described above, “using alkali 


Bisson, C. S., and Christie, A. w., Ind. Eng. Chom., “1920, 12, 485. wal 
2. Mahr, C., and Krauss, K., Z. anal. ‘Chem., 1948, 128, 477. Fe 
Belcher, R., and Gibbons, D., J. Chem. Soc., 1952, 4216. AS 
Belcher, R., and Nutten, A. Ibid., 1951, 544. 
_ Belcher, R., Kapel, M., and Nutten, A. J., Anal. Chim. daniel 1953, 8, 122. i 
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The Use of, Lehlorodigheny! Hydrochloride 


the Determination of Sulphur i in Coa 
(Presented « at the meeting of th the M ‘Section on Wednesday, M May 25th, 1955) 


It is shown that 4- -chlorodipheny] hydrochloride can be used 
1 i for the determination of sulphur in coal by the bomb-combustion method a ny 
_ Results for a series of twelve coals covering a range of carbon content of _ 
: * approximately 83 to 93 per cent. (dry ash-free) show that the mean difference __ 
fs, in sulphur content determined by using this reagent and by the Eschka Poe 
method is 0-03 per cent. of sulphur. — The time saved by the new method e 


aside om determination of sulphur by ‘combustion in a calorimeter bomb is a well established 
elds 5 having found widespread favour on the grounds of its rapidity and accuracy. 


tap, 
1} hours, but, although Strambi has adopted many of the time-saving procedures ieee’ 
by Mott, Ruell and Wilkinson,? the time required for the precipitation, filtration and ignition _ 
_ of the barium sulphate is still large compared with the time of combustion of the sample. _ 
- Miller? using barium rhodizonate as an internal indicator, and Radmacher,‘ using a 
~ modification of the chromate method of Andrews,’ have attempted to shorten this period : 
: by using a titrimetric, instead of a gravimetric finish, but these methods suffer from various a 
disadvantages, such as the effect of nitrate ion. Belcher, Nutten and Stephen® have shown 
* | that the nitrate ion has no influence upon the precipitation of sulphur as the sulphate of 
| 4amino-4’-chlorodiphenyl and, as the effect of interfering ions present in coal ash, such — 
+ aluminium and iron, can be suppressed by making certain additions, trials of this new 
There is no apparent effect due to interference by phosphorus or phosphates, probably 
_ decause there is very little present, and not all would go into solution, | 
. a Initially, experiments were carried out with the fairly small volumes and the amounts — a a 
of reagent originally recommended.® In a later communication,’ it was demonstrated that 
st ~ larger volumes of solution could be used provided that certain precautions in the addition f ee 
of the reagent were observed. Further, it was recommended that a wash solution saturated — 
yi is with the precipitate should be used to avoid any risk of overwashing. Although satisfactory — 
| results were obtained by using the original recommendations, the later conditions rendered — ty 
the method more flexible, and were accordingly adopted. Since a pulp that would easily 
- didintegrate on boiling was required for accuracy in the final titration, it was prepared — 
_ from Whatman ashless tablets. These were found to be satisfactory in use, giving no difficulty — 
paige was also noted that there was an effect due to ferric hydroxide, the 4-amino-4’-chloro- 
diphenyl sulphate being oxidised to a purple compound, so leading to low results with coals 
| _ high pyritic sulphur (and consequently high iron) content, but tartaric acid was found 
to be effective in inhibiting this oxidation. fens ha 
__ The method adopted for extracting the sulphur from a 
- forward by Moszynski®: 1 g of coal was burned with 0-5 g of Eschka mixture in the bomb, a 7 
- which contained 5 ml of 10 per cent. ammonium carbonate, the oxygen pressure being» 
25 atmospheres. After firing, the pressure was released, the residue and the bomb being _ 
A yes out with about 30 ml of hot distilled water. Boiling with 6 ml of concentrated a 
_ hydrochloric acid dissolved any remaining residue. The pH of the solution was adjusted — a 
} to about 1-4 by the addition of 4 ml of aqueous ammonia, sp.gr. 0-880, followed by 2-5 ml 
e concentrated hydrochloric acid, the total volume of the bomb washings being made up 


tay According to Strambi,! a determination of sulphur by this method may be made in about 


to 250 ml. After and washing, the determined as recommended 

"As the complete | process takes 35 minutes, the ie — for a determination of gts 
a bomb-combustion method is reduced by about 30° minutes, but the accuracy 
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Coal 


Wales 0-81 0-78 +003 
Wales 0-69 0-73 — 0-04 


Mean difference for up to 25 ‘5 per cent. of sulphur— 


with titrimetric finish, 4-amino- 4’-chlorodiphenyl being used 
a _ hes 4- -Amino-4'-chlorodiphenyl hydrochloride, 0-48 per cent. solution—Dissolve 4- 8 3 g of reagent 
la, * _ about 800 ml of hot distilled water containing 50 ml of N hydrochloric acid. . Filter hot, 
and make up to 1 litre; keep the container securely stoppered to minimise effects due to_ y 7 
Sodium hydroxide solution, standardised, approximately O1N. 
_ Mixed-indicator solution—A mixture of 0-04 per cent. aqueous phenol red (sodium : salt) 
and 0-04 per cent. aqueous bromothymol blue (sodium salt) in the ratio of 3 to 2 by volume. + 
ae Tartaric acid solution—A solution containing 15 g of crystalline tartaric acid per litre 
. _ of solution ; 10 ml of this solution, as used in the test, will counteract the effect of ay age 


-chlorodiphenyl saturated solution—Shake the sulphate with 

Water for 30 minutes, or, alternatively, allow excess of the solid to stand in contact with 

distilled water, topping up the solution as necessary. « 

Make up the -washings to 250 ml, as described. By pipette put 100 

pe in a 400-ml conical beaker, and add a small amount of filter-paper pulp, together with 10 ml _ 

60 ml of warm 0-48 per cent. -amino-4 '-chlorodiphenyl hydrochloride solution — 

beaker aside for 20 minutes. pad consisting of two layers of fine 


‘Jan., 
the 1 
‘Witt 
0 3-22 per cent.; comparative results by the Eschka method are also given, toget er and: 
with the mean algebraic and arithmetic differences and the difference between duplicate 
& be ae _ tests by the new method. The agreement between the two methods is good, showing — a 
ty aa = |. rapid determination of the sulphur in coal by a bomb-combustion method can be accurately ol ti 
HUR_ DETERMINATIONS BY ESCHKA (GRAVIMETRIC FINISH 
the 
— 
to 
| 
| 
q 
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Jan., ‘HYDROCHLORIDE FOR THE AL 


filter-pa -paper ‘supported or ona Witt- -plate i ina 60°. is as filtering me 
the total thickness of pulp being about 4 inch. _ Entrapping of air-bubbles under the ve 
Witt-plate should be avoided when preparing the pad. Wash the precipitate on to the pad is * 
and rinse with 5 to 10 ml of distilled water, finally washing with small amounts of saturated a 
4-amino-4’-chlorodiphenyl sulphate solution until free from chloride, 

_ Drain the filter by gentle suction, and remove the upper layer from the funnel by means ina at (aoe 
of tweezers, using the lower layer to wipe out the funnel. This, together with the upper * 
layer and 'Witt-plate, is transferred to the 400-ml conical beaker used for the initial | car 
Wash the funnel out into the beaker with 50 to 60 ml of distilled water, breaking up a 


only reacts slowly with the a, and a false actoaay is obtained eee precipitate is 
masked by large aggregates of pulp, 
- Heat the contents of the beaker to boiling- 1g-point, t boil for 1 minute, and titrate a 
ae standard sodium hydroxide, using the mixed indicator. On observing the first purple ~ 
coloration, re-heat the contents of the beaker, adding further sodium hydroxide solution 


Sia ml of 0-10 N sodium hydroxide = = 481 mg of sulphate = 1-6 mg of sulphur. Ae 
Sabo o> aliquot of bomb-washings c contains the sulphur from 0-4 g of coal. cal wel 


Sulp hur in coal = (ml of NaOH) x16 x 100 (ml of NaOH) > x 0-4 per cent. a 


The author expresses his thanks to Dr. R. A. Mott, Dr. R. Belcher and Dr. A. J oe 
or their helpful encouragement during the course of this work, and to the British Coke ior 
_ Research ~“enesnameee of whose research programme this work formed a part, for permission 
Strambi, Calove, 1943, 16, 61; Chem. 1044,38,5757, 
2. Mott, R. A., Ruell, D. A., and Wilkinson, H. C., Fuel, 1955, 34, 78; 87. 


4. 4. Radmacher, and Mohrhauer, P., BrennstChemie, 1953, 34, 33. 
5. Andrews, L. W., Amer. Chem. J., 1889, 11, 567. 
Belcher, Nutten, A. J., and Stephen, We Chem. Soc., 1334. 
R., Nutten, A. J., Parry, E., and Stephen, w. Analyst, 1956, 81,4. 
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a we THE "DETERMIN ATION OF TOTAL 

he Use of ‘Vanadium P Pentoxide. 


-chlorodiphenyl Hydrochloride i 


Combustion Method for the Determination o: 


(Presented at meeting of the Midlands Section on Wednesday, May 25th, 1955) 

yr aeuad The determination of su phur in organic and inorganic compounds and 
synthetic elastomers by combustion in an empty silica tube is described. 


_ Interference from alkaline-earth carbonate is eliminated, and sulphur i in alkali 


ate and alkaline-earth sulphates is included, by treating with a catalyst mixture | aP 
of vanadium pentoxide and zinc oxide at a temperature of 1000°C. Inter- Brie 
_ ference from chlorine and nitrogen is avoided by precipitating the sulphate © ad 
_ with 4-amino-4’-chlorodiphenyl hydrochloride, the precipitate being filtered 
off, washed a saturated solution of the amine sulphate and then 
_ THE method in common use for the determination of total ‘sulphur i in ‘natural and, ‘synthetic : 
rubber compounds! has two main disadvantages— 
iy (a ) the necessity for high combustion temperatures (1350° C) for the antidive of 7 
compounds containing calcium carbonate, barytes and similar materials, and 
ey. (0) the techniques when chlorine or nitrogen is present. we 


-ConprtioNs FOR THE DETERMINATION OF SULPHUR brie: 


ah Decomposition of alkali and alkaline-earth sulphates to give a quantitative yield of 


sulphur oxides can be brought about at a temperature of 1000° C by treating the sample 


_ with a mixture of vanadium pentoxide and zinc oxide. Since rubber mixings often contain 
barium and calcium sulphate or carbonate as pigment + extenders or inert fillers, the use of 
vanadium pentoxide - zinc oxide mixture in conjunction with the combustion procedure 

_ Offers the possibility of a rapid technique for the determination of total sulphur (t.e., 
“ inorganic” combined) in such mixings. 


As many of the newer synthetic polymers give rise, on heating, either to hydrochloric 
acid or to oxides of nitrogen, the determination of sulphur i in mixings based on such polymers 
must be concluded with a specific reaction for sulphate. Belcher, Nutten and Stephen®.+ 
have developed 4-amino-4’-chlorodiphenyl hydrochloride for use as a precipitant for sulphate 
ions, and have assessed its value in a general way. The sulphate of this organic base has 
the merit that it can be titrated with standard alkali, thus gaining considerably in time 
over the traditional gravimetric determination as barium sulphate. ts 
_ Experience over several months has shown that the method gives a satisfactory degree Z 

7 a. | reproducibility and the level of accuracy lies within + 1 per cent . of the correct figure. 


he 

_ The apparatus has been fully described and the procedure given in detail elsewhere.2 — 
The important dimensions of its principal parts, which have not been recorded previously, — 

; Combustion th tube—The main tube is of translucent silica, 41 to 42 cm long and 16 | 
bore. To this is fused a narrower tube of 7mm bore in transparent silica of — 
17cm length. This tube is then bent vertically downwards for for 5 cm and terminates 
in a B10 cone for attachment to the absorber. 


Abvorption train—The absorption train consists of two vessels. _ The first | is a modified 


‘organic’ 


~~ Grote absorber,® without bead filling, of 40 ml capacity with a sintered disc 


anf Fi of porosity 2 or 3.8 * The second absorption vessel is a pear-shaped 25-ml flask © 
with inclined side-arm and is fitted with a gas-delivery extending to within 
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SULPHUR IN 


| \ NALYSIS OF ALKALI AND  ALKALINE- EARTH 
— ‘The technique | has been used to verify the sulphur content of a variety of inorganic von 


ne compounds used in the rubber industry. The materials chosen, although differing — Se 
| widely in function, are alike in that they do not decompose readily at temperatures below- 
- 1000°C. Other ‘norganic sulphur compounds are, of course, used in rubber compounding __ 

_ or are formed duting vulcanisation, but their thermal decomposition i in combustion techniques i 
of _-_-_In Table I the results of these determinations are collected together and the effect . on 
ae the yield of sulphur from calcium sulphate of varying the composition of the catalyst is er 
od] a _ also shown. The weight of catalyst in all tests was 1 g and the combustion temperature 


was maintained at 1000° C for 30 minutes with enaad weights | in ans range 10 to 15 7 : 

mye Yield of sulphur, 


Calcium su sulphate 


Calcium sulphate 99-6, 99-8 
Barytes (a ‘ — ’ grade) 99°38, 99-5, 99- 2 (4 pa parts) 
Potassium te 06- 95, 98-92, 98-98 
ber te 


"Table I shows that when vanadium is used wren as decomposition 
eh: of. calcium sulphate is not complete in 30 minutes, but a mixed catalyst, containing both — ' 
_§ zinc oxide and vanadium pentoxide, induces a much faster decomposition rate, and liberation 


ae of the theoretical amount of sulphur i is accomplished in a reasonable combustion time. The 
ple | results from other sulphates, given in Table I, show a somewhat lower yield of sulphur than _ 
ain would be expected by calculation for the pure substance, but only commercial grades . a 
> of these materials were examined. There is no reason to suppose that all the sulphur in these 
ure. - tera is not completely expelled, and compounded rubbers containing them as com- © 
ic” ‘pounding ingredients can be expected to give a quantitative ose of their total sulphur 
content when subjected to the conditions of heating. 


carbonate, the former compound will tend to be formed the carbonate _ 
_ is heated in presence of sulphur dioxide and trioxide. Consequently, when sulphur in a 
's vulcanised rubber contairiing whiting is determined by the conventional combustion procedure, — 
low are invariably obtained. _ If, however, the silica* is replaced by a mixed 


5-62 to 5 

_ ANALYSES OF SYNTHETIC RUBBER VULCANISATES ORG ANIC compounns— 


-67 per cent.) 


Belcher ond his co-workers?»4 have suggested the use of 4-amino-4’ 
_ chloride as a reagent for sulphate, claiming that it forms an insoluble salt unaffected by _ 
nitrate, chloride and zinc. In general, these findings with respect to interference have been — 
confirmed, but in this laboratory low and erratic recoveries of sulphur were obtained. The 
/ discrepancy was traced to the slight solubility of the freshly precipitated 4-amino-4’-chloro- 
_ diphenyl sulphate in the water used for washing the precipitate. Working with standard _ 
_ sulphate solutions, however, it was found that completely quantitative recovery of sulphate es 


s - could be obtained when the wash water was replaced by a saturated solution of the amine aa 
_ _ sulphate (see Table II). This procedure was followed throughout subsequent work. The _ * 9 
sk Bes, small amount of wash liquid remaining in the filter- “paper may tf be compensated for i in i 
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a Thus, in a laboratory prepared mixture containing 5-6 per cent. of sulphur and 10 percent. = >: 
the sulphur recovered was 5-64 per cent. (mean of 4 results; range 
fl 
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(OF TOTAL 


‘an actual determination. The use of in place of paper reduces ¢ 


_ the reagent blank values to a negligible figure. For the quantitative retention of the amine , 


oo sulphate, it was found essential to place in the Gooch crucible first a thin layer of pulp filter (fg 


ae and, after tamping down gently the surface of the pad, a circle of glass-fibre filter-paper. f 
Br The titration of the amine sulphate in the presence of glass-fibre filter-paper is improved — 


a Fe age II summarises the results obtained by precipitating the amine sulphate in the 


NITRATE, 
PEROXIDE AND ZINC CHLORIDE 


0-500, 0-498, 0-499 
2-09, 2-10, 


Sulphur 
mixture 


H 3-5 8-64 1- 00, 1- “02 


hia. 
tend 


sulphu 
+ 27-97, 27-98, 28-03, 27: 99, 
+ iodobenzoic acid .. «27-94, 27-99 
z 15-86, 15-81, 15-83, 15-86, 15-81, 1580 
21-03, 21-01, 21-05, 21-05, 21-05. ey 
88-31, 38-32, 38-31, 38°33, 38-32 


12-21, 12: 24, 12-23, 12-21, 


— et WwW 


— 


— calct 
of 0} 
Aliquots of potassium sulphate were used to standard amounts sulphate 
— 
SULPHUR IN SYNTHETIC RUBBER 


q show that a satisfactory degree of is between 
calculated weight of added sulphur and the amount disclosed by analysis. 
_ Asa final evaluation, the method was applied to the determination of sulphur in a :number 4% 


of organic compounds. are given in Table IV. 


ritish Stendacd 903:1950, “Methods of Testing Vulcanised Rubbe 
Bauminger, B. B., Kautschuk und Gummi, 1955, 2, WT31. 
3. Belcher, R., Nutten, A. J., and Stephen, W. L., Mikvochim. 
: Chem. Soc., 1953, 1334. 
Grote, W., and Krekeler, H., Angew. Chem., 1933, 46, 106. 
hi, British ‘Standard 1783: 1952, “Sintered Disc 


70" Quantities of 


-chlorodipheny! 
y A. S. JONES wat. LETHAM 


— of sulphate. The amount of reagent combining with the sulphate __ 
+ was calculated by difference from measurement of the amount remaining 
in solution after precipitation of the 4-amino-4’-chlorodiphenyl sulphate. — 
concentration of 4-amino-4 ‘-chlorodiphenyl was determined by ultra- 
violet spectrophotometry. Interfering phosphate could be removed by 
precipitation as magnesium ammonium phosphate. By use of a suitable 
digestion procedure the method used to determine 20 50 pg “ 
_ inorganic compounds. 


20 to 50-yg of as, Since the reagent. used Belcher, Nutten and Stephen? 
_ (4-amino-4’-chlorodiphenyl) appeared to be promising, a method involving its use for the | 
determination of these quantities has been developed. A brief note of this method has 


_ 4-Amino-4’-chlorodiphenyl showed a strong absorption in the ultra-violet region, and~ 
so it was decided to determine the concentration of the reagent spectrophotometrically, _ 
thus avoiding the titration of small quantities. The optical properties of the reagent were a 
satisfactory, the material being homogeneous when fractionated with sulphate and obeying — 
Beer’s law at the required concentrations (2 to ‘11 pg per ml). In order to obviate errors - 
due to washing the precipitate, a difference method was used, in which the amount of reagent 
_Temaining in solution after precipitation of the sulphate was determined. = ioe 
a To determine inorganic sulphate, an excess (at least 100 per cent.) of 4-amino-4’-chloro- 
diphenyl in 0-1 N hydrochloric acid was added to the sulphate solution at pH 2 to 7, _ 
the precipitate was removed by centrifugation. The sulphate precipitate tended to adhere es 
to the surface of the liquid after centrifuging, but this difficulty was overcome by adding if 
a trace of Cetavlon (cetyltrimethylammonium bromide), when the precipitate separated _ 
completely to the bottom of the tubes. — Phosphate, which interfered with the sulphate 


us. In removing phosphate 
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* "Jones AND LETHAM: A ‘SPECTROPHOTOMETRIC METHOD FOR THE 81 
2 Ar care was — to add no more than 9m mg of ammonium chloride and 4-5 mg mg of mag magnesium | Beau 
chloride dihydrate per millilitre of final solution in order to avoid salting out 4-amino-4’- 
_.___ chlorodipheny! hydrochloride. _ At these concentrations magnesium did not interfere with hy syt 
: ane For the conversion of ‘organic sulphur” to sulphate a digestion method was used inf. 
a: _ order to avoid the production of solutions of high ionic concentration, which would salt a 
out the 4-amino-4’-chlorodiphenyl reagent. Of several methods tried, the best for nucleic ® 
acid fragments (which contained sodium, phosphorus and sulphur) was digestion with concen- F 
__ trated nitric nitric acid and a ccs amount of sodium sie oo in a sealed tube at 280° for 3 hours. § PR 


The reagent was recrystallised from light petroleum, boiling range 80° to 100° C an 

‘ less plates were obtained, m.p. 132° C (uncorrected). Further recrystallisation did not alter } cé 
s melting point or change the ultra- violet absorption spectrum. The absorption spectrum z 

of amino-4 in 0-1 N hydrochloric ac acid lis sl shown in Fig. Amax = 254 4 my 


Ten 


= 22,090. were determined by dissolving 4-amino-4’ 

phenyl (5 to 7 mg dried at 80° C and 15 mm laa in 0-1 N hy ee acid | (500 mm. cy 


The following method may be used 30 to. 120 of 
Add a trace of Cetavlon and 0-50 ml of 4-amino-4’- -chlorodiphenyl reagent (a 0-19 per 
of the base i in 0-1 N acid) to (7) the sulphate solution, and (#) an 


rail; 


eT 


taken, added, Teagent, blank, found, calculated, 


0-855 822 681 4 58 
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equal of distilled ‘After mixing, the solutions for 2. hours: and then 

centrifuge them. Remove 0-3- ml aliquots of the supernatant liquids with a micrometer = 
ie syringe and dilute them to 25 ml with 0-1 N hydrochloric acid. Read the optical = 


ed in 


254 my in cells . From the difference of the densities in and and the 


FOR DETERMINING SULPHATE IN THE PRESENCE OF PHOSPHATE— 


| of i 6H,O per ioe 200 mg of NH,Cl per ml), 0-02 ml of aqueous ammonia, sp.gr. 0- 880, 
. § and a trace of Cetavion in that order . Mix the solutions, leave them overnight and then 
centrifuge them. Transfer aliquots of the supernatant liquids to centrifuge tubes, dilute with me 
0-3 ml of water and acidify with hydrochloric acid to PH : 2 to 3. ey is —— 

by using the 4-amino-4’-chlorodiphenyl reagent as before. 


Sulphate, recovered, 88: 2, 87-6, 87:4 71-0, 58 6 
Theoretical value, 58-1 


Oxidise ‘samples of the substance ‘(containing 20 to 50 pg of sulphur) in sealed ‘tubes 
_ at 280° C with concentrated nitric acid for 3 hours as follows—- mh 
_Digestions (i) (ii) ; substance, 0-6 mg of sodium chloride and 0-2 ml of 
Digestion 0-6 mg of sodium chloride and 0-2 ml of nitric acid. 
___Use digestion (i) for the determination of sulphur and digestion (7) for a sulphur blank 
on the reagents. © _ Use digestion (i) as an “ultra- violet” blank to determine whether ultra- 
violet- absorbing material is produced during the ‘digestion procedure. Concentrate the 
- digests to dryness by evaporating in a current of warm air. _ Dissolve the residues from | 
(t) and (#2) in distilled water and determine the sulphate content. Dissolve the residue 
_ from (i) in 1 ml of distilled water and dilute a 0-3-ml aliquot to 25 ml with 0-1 N hydro- - 
| chloric acid and measure the optical density at 254 my. With the compounds used in this * 
work (mercaptals of thioglycollic acid) these “ultra-violet” blanks were always negligible. 
_ The method was used to analyse thioglycollated calf- thymus deoxyribonucleic ae 
_ which had been analysed by a micro adaptation of the titrimetric method of Belcher et al? iat . 
ie Found by titrimetric method, 3-94 atoms of sulphur per 4 atoms of phosphorus. | “—e 
é -- Found by spectrophotometric method, 3-89 atoms of sulphur per 4 atoms of phosphorus. Ee 


Calculated (from purine content of intact deoxyribonucleic acid), 3-88 atoms of sulphur 
the titrimetric method was found to. give good results| (see Table with simple mer- 


Glucose diethyimercaptal - deoxyribonucleic acid | 2, 22: 2, 22-4 22°37 


Bye using x the } procedure outlined above, r recoveries of sulphate were within 1 p per cent. 
ki _ of theoretical and within 2 per cent. when removal of phosphate was necessary. Recoveries ~ at 

sulphur organic of thioglycollic acid) were within 2 per cent. 
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precipitated and hence determine the sulphate content. 
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BARBER, CHINNICK LINCOLN: THE ANALYSI 


to Nishita in that no ‘complicated is required ai and it 


7 _ may, therefore, be used for the simultaneous analysis of a number of of samples. — Fee 
_ advantage is that considerable quantities of nitrate can be tolerated. 


a ‘The authors thank Professor M. Stacey, F.R.S., for his interest in this work, Dr. R. all 


se _ for many helpful discussions and the University of Birmingham for a a grant from the : 
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EDGBASTON | 


“Ammonium ‘Compounds and Polyethylene Oxide 


Agents 


By A. “BARBER, C T. CHINNICK anp P. Al; LINCOLN 
The interference of polyethylene oxide ‘‘non-ionic’’ agents with | the 
ath -"Peomophenst blue method of determining quaternary ammonium compounds _ we 
ver been described and a method for overcoming this interference has baw 


The determination of polyéthylene oxide “non-ionic” agents by 


cipitation with a heteropoly acid has been improved and has been shown to be ae 
applicable to three different ‘‘non-ionic” agents. 


tole removal of quaternary ammonium cations, which interfere with sat: 


the determination of polyethylene oxide “non-ionic” ; agents, has been shown 
_ Two examples of the application of the methods to typical commercial — Piss) > a 
4, use of mixtures of surface-active quaternary: ammonium compounds and sehpetlintens 
oxide type non-ionic surface-active agents (“‘non-ionics’”) in such products as detergent 
sterilisers and pharmaceutical or cosmetic emulsions is now quite common. There have 
“ not, however, been reported any methods for the quantitative determination of quaternary 
ammonium compounds and “non-ionics” in the presence of one another. = 
"Tie bromophenol blue method of Barr, Oliver and Stubbings! can be used to assay the 2 
_ quaternary ammonium compound, but it has been found that conditions must be standardised - 
to give accurate results in the presence of ‘ “non- ionic” agents. 
mera For the determination of polyethylene oxide “non-ionics” the method of Oliver and 
Preston? has been improved by replacing phosphomolybdic acid with phosphotungstic © 
acid. The determination of “non-ionics” in the presence of quaternary ammonium com-_ 
= Be is complicated by the fact that the latter form insoluble phosphotungstates.* Contrary — 


to the observations of Heatley and Page,‘ we found that quaternary ammonium cations can 


“3 removed quantitatively from solution by a cation- -exchange resin, leaving the “non-ionic” 
oe in solution to be assayed by the prescribed method. _ It has also been reported by Green, 
_ Harker and Howitt® that an anion-exchange resin will absorb cetyltrimethylammonium 

bromide f from solution, but this me method was not tested it int 
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OF is 
Quaternary ammonium compounds—The quaternary ammonium compounds used were - 
cckeane pure compounds (these compounds are available, some at present only in limited i‘ 
quantities, from Milton Industrial Chemicals (London) Ltd. and by arrangement through 2 
" most laboratory chemical supply houses) made from the appropriate fractionally distiled 
alkyl halides and amines, followed by recrystallisation from a suitable solvent. Solutions — 
(0-005 N) were prepared by dissolving the required amount Of material in water and a 
the solution with 0-01 N silver nitrate according to the method of Dubois. 
“Antonic”’ reagent—The “‘anionic” reagent used in the bromophenol blue method was 
ar 0- ‘01 N solution of sodium dioctylsulphosuccinate (this is available in a pure form as ne 
“Manoxol OT 100%"; the purity can be checked by determination of saponification value). 
This ‘anionic’ was chosen because it is readily available in a pure form and has a high 
- molecular weight. It has been observed that some less pure commercial “ nic’ guy ll 
that have been used in bromophenol blue titrations do not give end-points as ‘sharp as noel 
_ obtained when sodium dioctylsulphosuccinate is used. It has been reported elsewhere* that 
“anionic” materials of low molecular weight do not react stoicheiometrically with quaternary — 
ammonium compounds under the conditions of the titration; 
__ “Non-tonic” agents—Three compounds were chosen as representing different types 
-ionic A’’: octylphenol condensed with ethylene oxide to give a with 
oon an average molecular weight of 530 (Lissapol NX, supplied by Imperial Chemical | 
Industries Ltd., was used as representative of this type of maierial). 
‘Non-ionic commercial cetyl alcohol condensed with ethylene oxide to give a j 
compound with an average molecular weight of 1030 (Lubrol W, supplied by 
int Imperial Chemical Industries Ltd., was used as representative of this type of 
: _“Non-ionic C’’: a polyethylene glycol of average molecular weight 400 esterified with 
__ Tauric acid, the resulting compound having an average molecular weight of 580 — 
_(Nonex 139B, supplied by Gemec Chemical Co. Ltd., was used as representative | 


2 


Bromophenol blue—A 0-1 per cont. solution in chao 
r Sodium carbonate—A 10 per cent. solution in water. 
Barium chloride—A 10 pex cent. solution in water. 
Phosphomolybdic acid—A 10 per cent. solution of P,O,;.12MoO, 0. in water. a 


Phosphotungstic acid—A 10 per cent. solution of P 20s. O;. in water. 


DETERMIN TION TERNARY AMMONIUM 


The bromophenol blue method. of Barr, Oliver an and for the 
of “anionic”? detergents by using a quaternary ammonium compound as titrant has been 
¢ shown to be applicable to the analysis of a wide range of quaternary ammonium compounds.? 
An alkaline solution of ‘‘anionic” detergent in the presence of bromophenol blue and ethyiene a nad! 
dichloride is titrated with a standard quaternary ammonium compound solution. The 
_ end-point is indicated by the change colourless - green - deep blue in the ethylene dichloride ae 
* layer. ie For determination of an unknown quaternary compound a portion is added. to the Pe 
‘anionic” and the excess of “‘anionic’’ is titrated with the standard quaternary ammonium ae Ds 
pure quaternary ammonium compounds and ‘ ‘anionics” the change from colour- 
i less - green - deep blue requires about 0-3 ml of titrant, and the end-point is easily reproduced 
to 0-1 ml. In the presence of ‘‘non-ionics” the green intermediate stage can persist during 
the addition of 2 to 3 ml of titrant. An accurate end-point can be obtained by first carrying 4 
¢ out a blank titration with no “‘non-ionic’”’ present and using the blue ethylene — 
= _ layer of of this as as a match 1 for ‘the ti titration of of the: sample ne sean ‘non-ionic,” — 
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ereas it has been found that with pure quaternary ammonium compounds 


ase oe “anionic” "detergents up to 10 g or so of inorganic salts did not affect the end-point, — 
in the presence of those “‘non-ionics’’ examined the truest end-point was obtained only i if 
th the sodium chloride | content was not less than 1-25 and not more than2-5g. 
_ Results—The results illustrating these ‘points are given in Tables I, II and III; the 
results in Table III ‘are plotted in Fig. 1. _ The method used to obtain these results was” 

Procedure—By pipette put 10 ml of sodium into a 100-ml 

Stoppered measuring cylinder. Add 20 mi of ethylene dichloride, the 


mole non-ionic agent A; + an 


‘non-ionic’ and sodium ‘chloride. ‘solutions, of bromophenol blue and a 
= carbonate to make alkaline, and make up to 80ml with water. - Titrate with» 
quaternary ammonium compound solution. The end- -point is noted when the deep blue 


"* colour of the ethylene dichloride layer matches that of a titration carried out: in the absence - 


= 
_ EFFECT OF VARIOUS AMOUNTS OF “NON-IONIC A” ON -: TITRATION OF SODIUM 
_ DIOCTYLSULPHOSUCCINATE WITH CETYLTRIMETHYLAMMONIUM CHLORIDE SOLUTION 


is 
0 go of chloride i in. each 


Ratio of moles of 
all moles of sodium di 10 
‘Titre to first appearance of green colour 


in ethylene dichloride, ml .. 
ethylene dichloride, ml 20-1 20: 2 1 0- 1 20- 0 + 0-2 2 
_ EFFECT OF OF “NON-IONIC A” ON THE ‘TITRATION OF SODIUM DIOCTYLSULPHOSUCCINATE 


owe WITH CETYLTRIMETHYLAMMONIUM CHLORIDE, LAURYLTRIMETHYLAMMONIUM CHLORIDE © 
§ 


ammonium ‘compound ammonium chloride chloride chloride 


to moles of sodium q 


Titre to matching deep blue 
colour i in ethylene dichloride, ml 1 20- 1+ 1 200 19 + 20- 20- 3+ 
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F SURFACE-ACTIVE AGEN 


| 


WITH CETYLPYRIDINIUM CHLORIDE SOLUTION ster 
AND WITHOUT “NON-IONIC A” OR “NON-IONIC B” 
> 


{non-ionic A” present ‘with “non- -ionic with 


“ 


“non-ionic” equimolar — of equimolar _ molar ratio of 
ml 


is barium chloride - acid precipitation method of Oliver and Preston.” 
This i is adapted from the method used by Schaffer and Critchfield’ for the analysis of a com- on, 
mercial range of polyethylene glycols. It consists in precipitating a complex of the “non- 

Te agent with barium chloride and a heteropoly acid and either weighing the complex = ) 
7 dried at 105° C or igniting the precipitate and weighing the metal oxide residue. This must _ 
_ be related to the original amount of “non-ionic’’ agent by means of an empirical factor or 
-_¢alibration curve determined by precipitating known amounts of “non-ionic” agent. It | 

is therefore > necessary to re the nature of the “non- ionic” —_ present in an Geen 

was found in tests on the method with ‘“‘non- A" that phosphotungstic 


acid gave better results than phosphomolybdic acid. Silicotungstic acid was also tried, 


x 


acid not only gave more accurate results than phosphomolybdic acid, but it was also a” 
: that by using the former acid the precipitate could be filtered off after 2 to 3 hours, whereas ' 
_ with phosphomolybdic acid it was necessary to leave overnight before filterin “shed cone 
_ Procedure—To the “non-ionic” sample in 200 ml of water add 10 ml of hydrochloric 
rf acid and 10 ml of barium chloride solution, and raise the solution to boiling. Then add— a 
- 10 ml of heteropoly acid solution to the solution and continue boiling for 1 to 2 minutes pry 7 
to coagulate the precipitate. ~ Set the mixture aside overnight or for 2 to 3 hours, depending _ a 
' on which acid is used, collect the precipitate | on a weighed No. 3 sintered- -glass crucible, ey ney 
ae it with about 100 ml of water and dry it to constant weight at 105° C. * gees sei ee 


 Results—Some results obtained by this method are shown in Tables IV, V, VI and VII, be -_ 


TABLE IV 


HAS BEEN | SET ASIDE OVERNIGHT BEFORE FILTERING 


of — of Average Ratio of weight of 
‘non-ionic ‘AY precipitate, pon weight, deviation, 
-606- Sy 


146-8 146-6 1588 

166 

” agents tested excellent 

were obtained with phosphotungstic calibration is constructed by plotting 
the weight of precipitate against weight | of ionic” agent, a a straight | line results in all 


was 
— 
4 — 
oles 
= 
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vith 
— 
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— 
— 
— 
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method is due to the formation off | 
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RESULTS 0 OBTAINED WITH NON-IONIC AND ACID AFTER ‘THE 


oe on HAS BEEN SET ASIDE FOR 2 TO 3 HOURS BEFORE FILTERING 


Weight of Weight of Average Ratio of weight of precipitate 


“non-ionic A,” "deviation, bir. weight of ‘‘non-ionic A” 


OBTAINED WITH “NON-IONIC B’ AND AFTER THE 
MIXTURE HAS BEEN SET ASIDE FOR + 3 HOURS BEFORE FILTERING 
“non-ionic B,”’ "precipitate, 


weight, deviation, to weight of ‘‘non-ionic B” 

— = 

g mg 


‘937: 1 981-2 9928 9334 02 
0-6 


we MIXTURE HAS BEEN. SET FoR 2 To 3 HOURS BEFORE 


ain Weight of 


Weight Average Average Ratio of weight of precipitate 
“non-ionic C,’ sone ‘weight, weight of ‘‘non-ionic C’ 


oa 


iation, 


_ fact, been shown to be an excellent method for the assay of quaternary ammonium com- 


7 2 _ The quaternary ammonium cations can, however, be removed easily from ‘ ‘cationic - 
 *Ron- ionic” mixtures by means of a cation-exchange resin. It was found that leaving 2 to 3 ml 

i of Zeo-Karb 225(H ) (a sulphonated polystyrene cation-exchange resin supplied by The " 
| - Permutit Co. Ltd. ) in contact with 50 ml of 0-005 N quaternary ammonium compound | 

solution for tol hour with occasional shaking resulted in removal of the 
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chloride, cetyldimethylbenzylammonium chloride, cetylbenzylmorpholinium chloride, lauryl- 
methyldiethanolammonium chloride and #-tert. -octylphenoxyethoxyethyldimethylbenzyl- _ 

ammonium chloride (Hyamine 162: 2). The quaternary ammonium compounds were ail 

a by the resin in the presence of 100 mg of “‘non-ionic A.” | - Cetyltrimethylammonium 

were still absorbed in the presence of 500 mg of “non-ionic A,” “non- ionic 

ah Some quantitative tests were carried out by precipitating known mixtures of quaternary Beat 

é. , precipitating the “non-ionic” - - phosphotungstate complex together with the 

ammonium phosphotungstate and then the “non-ionic’ after 


taining 2-000 g of “ non-ionic A” per litre, were prepared. 


pipette put 50 ml of mixture in a 400-ml beaker and make up to 200 ml with water. Add . 
7 10 ml of hydrochloric acid and 10 ml of barium chloride solution, and bring to the boil. Add — 


Procedure for precipitating the quaternary ammonium compound and ‘ 


10 ml of phosphotungstic acid solution, and boil for 1 to 2 minutes to coagulate the precipitate. a 


Cool the solution and set it aside for 2 2 to 3 hours; collect the precipitate on a No. 3 sintered- 
precip 
Wa crucible, wash i it with about 1 100 ml of hisordu in 15 to 20 ml al aliquots, and then dry 


Procedure for precipitating “ ‘non-ionic’ agent only—By ‘pipette put 50 ml of solution in 


a 100-ml conical flask, add 5 ml of Zeo-Karb 225(H) and leave for 4 to i hour with occasional © Bote a, 


if shaking. Decant off the solution from the resin and wash *he resin with six 25- ml portions - : 
of “water, adding the washings to the solution Prec.; tate the ‘“‘non-ionic”’ phospho- 

Ber results obtained by this method ar are in Table V Il. 


“NON-IONIC B” 


a “mg 1 

bromide  .. 0 5 684 4 5 311-0 820-4 

bromide 650+ 6 656- 6 53-4 369-5 377: 373- 290-0 280 0 


benzylammonium chloride THO 714-5 7125 364- 8 371-2 5 
Dae. It can be seen that the weight of ‘‘non- ionic A” - "- phosphotungstate complex methane 
- obtained after removal of the quaternary ammonium cations by means of Zeo-Karb 225( a 
_ agrees very well with the figure given in Table V for 100-mg amounts of * ‘non-ionic / 
SOME TYPICAL DETERMINATIONS 
vi The precise method of “procedure with a sample containing both cationic and non- “ionic” 


surface- clearly depend on the nature and composition of the 


di’ Jan., 1956] MIXTURES OF SURFACE-ACTIVE 2330 
4a _ quaternary ammonium cations. In the presence of 
— 
| 
| 
— 
Quaternary Weight of Average Weight of Average precipitate _ difference q 
4 
Att a 
oF _ 


to consist Solely of mixtures of quaternary ammonium and “‘non-ionic”’ 
i ‘materials: with such mixtures the methods described previously are applied directly without — 

_ modification, although an initial approximate determination may be required in order that 
a reasonable sample size may be taken for the analysis. 
i = _ With other materials, normal analytical procedures will result in the isolation of an 
' ea = inorganic and an organic fraction, the former presenting no abnormal problem and the latter 


| 


- _ being dealt with as described above. With some such samples, particularly when the method | 


i ae is applied to quality control analysis of products of known composition, the modified bromo- 
_ phenol blue method may be employed for the quaternary ammonium compound, and the 
i “non-ionic” calculated by difference. This may also be applied to aqueous solutions of the - 
Discussion of these techniques is beyond the scope of this paper, but some references to the 
literature on this subject are Familiarity with the commercial products 
particularly since a result frequently capable of more than one interpretation. to 
; sora (a a) A detergent - s sanitiser powder was as made up to contain 2 2 per cent. of cetyltri-_ 
ae quaternary ammonium was determined by the bromophenol blue ror 


— 


‘ 


_ Dean and Stark method, the lengthier and direct gravimetric analysis for “non-ionic’’ 
which the qualitative composition is known or can be determined by known jtechniques. i 

consisting of inorganic builders (sodium carbonate, trisodium phosphate and sodium | 


a detergent - sanitiser class previously referred to, the water content being determined by the 

___ It is assumed that in general these methods will be applied to compounded mixtures of 
available and their properties greatly assists the qualitative | analysis of | an “unknown,” | 
ty applications of methods described to previously “difficult” analyses 
is _methylammonium bromide and 3 per cent. of “non-ionic A,” the remaining 95 per cent. — 
| 

20 ml of 0-01 N sodium dioctylsulphosuccinate solution titrated with 0-005 N cetyl-_ 


pyridinium chloride solution gave a titre of 40-3 ml. To 20 ml of sodium dioctylsulpho- 
succinate were added 2-00 g of powder and the excess of gs was titrated w: with 0- 0005 ™ 
_ cetylpyridinium | chloride solution , to give of 17-9 Then— 


(403 - — 17-9) x 364-4 x 0-005 x 100. = 


‘The “non- ionic” agent and total “non-ionic” - quaternary | ammonium 7 
were determined separately with phosphotungstic acid. A 25-0-g portion of 
es _ powder was dissolved in 500 ml of water and extracted with n-butanol in a continuous — 
_ extractor for 3 hours.’* The n-butanol was removed under reduced pressure and the 
win residue was taken up in water and made up to 250 ml in a calibrated flask. Two 25-ml 
= of this solution were precipitated with phosphotungstic acid to give the — 
“non-ionic A’’ plus cetyltrimethylammonium complexes. Two further 25-ml samples 
were treated for 1 hour with 2 to 3 ml of Zeo-Karb 225(H), and the “ urea agent 
~ in the solution was precipitated with phosphotungstic acid. 
_ The results of duplicate determination gave the total weight of precipitate as 432- - 
and 441-4 mg (average, 437-0 mg) and of “non-ionic” ’ precipitate as 266-4 and 274-2 mg © 
- (average, 2 70-3 mg); from the averages the weight of “non-ionic” was calculated to be | 
0 mg and the weight of cetyltrimethylammonium bromide was 48-83 mg: 
_ From the calculated weights it can be deduced that the product contained 2-92 per 
% ak. of “non-ionic A” and 1-95 per cent. of cetyltrimethylammonium bromide. The 3 
__ 1-95 per cent. for cetyltrimethylammonium bromide compares favourably with 2-04 per _ 
cent. as determined by the bromophenol blue method previously, 
‘Tt ‘should be noted that had the mixture employed in this example. been an © 
a. “unknown,” t the nature of the anion associated with the quaternary ammonium cation 


lated; in this instance the presence of bromide ion would be found in both the 
‘extract and in the aqueous organic phase, but since the bromide ion is foreign to inorganic _ 
ae constituents of f detergents, it would clearly be attributable to the cationic surface-active 4 


Again, in the event that the exact of the quaternary ammonium 
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ge is unknown o or has not been determined, the actual percentage ax and the enwientine 
weight may be determined by the method of Chinnick and Lincoln? 
“a (0) A “non-ionic” emulsifying wax containing 10 per cent. of “non-ionic B”’ and 
= 90 per cent. of cetostearyl alcohol was prepared. A 5-00-g portion of ‘the wax was boiled ‘2 
* _ with 500 ml of water and 20 ml of 10 per cent. hydrochloric acid, and 20 ml of 10 per 
cent. barium chloride solution were added. With stirring, 50 ml of 10 per cent. Phospho- — 
an tungstic acid solution were added, and boiling was continued for 10 minutes. The 
mixture was cooled and set aside for 2 to 3 hours, and then the mixed precipitate of of 
7 “non-ionic B” complex and cetostearyl alcohol was collected on a weighed No. 3 sintered 
extraction thimble. The precipitate was sucked as dry as possible and then extracted oo 
in a Soxhlet extractor for 1 hour with light petroboum, boiling range 40° to 60°. The light | 
extraction thimble, which was reweighed after being dried at 105° C. | ‘The light petroleum | 
solution of cetostearyl alcohol was evaporated on a steam-bath in a weighed beaker, 
the last traces of solvent being removed by blowing a current of air into the beaker. a 


The beaker was reweighed to give the weight of cetostearyl alcohol. 
he of duplicate gave the of “non- ionic B” complex 


44477 for the of alcohol. From: ‘thoes figures can be 
that the wax contained 10-4 per cent. of ‘‘non-ionic B” & ‘9 
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OWEN: DETERMINATION OF SERUM- PROTEIN” FRACTIONS {Vv ol. 81 


Determination of ‘Fra 


_ serum-protein fractions, obtained by zone electrophoresis on paper, has been 
examined. The adsorption of certain dyes _by protein precipitated on Pi 
is _ filter-paper was found to be approximately proportional to the protein 
concentration within certain limits. The reflection of light from the dyed 
. "protein fractions has been studied and a densitometer calibrated so that 
- readings are proportional to protein concentration. _ By use of paper that 
_ phoresis the protein in series of normal and pathological sera were examined; _ ox: 
the results, and their reproducibilities, obtained by elution of the dye “os 
by direct photometry have been compared. The validity of the results 
those obtained by other electrophoretic methods are discussed. 
‘ vs THE uses and limitations of zone electrophoresis on paper for Mas analysis of serum proteins 
: have recently been reviewed by Martin and Franglen.' Estimates of the relative concen-— 
tennis of the major protein fractions may be obtained by staining the separated proteins 
Pes on then either eluting the dye separately from each zone? or determining the dye by direct 
_ photometry. For the latter purpose photometers have been devised by Grassmann and 
Hannig,? Griffiths, Crook, Harris, Hassan and Warren,5 Schulz, Dryer and Holdcraft,* 
E Jones and Winstanley’ and Laurence,® all of whom have measured the absorption ~ 
of transmitted light, and by Rottger® and Latner, Molineux and Rose,!® who + eed 
reduced intensity of light reflected from the stained 
Quantitative results are obtained after direct photometry by applying planimetry to 
areas under segments of the curve representing the distribution of protein fractions. The 
af _ validity of these results depends on the demonstration of: (a) proportionality of dye con- 4 
centration to concentration of protein in individual fractions, and (6) proportionality of the 
= 3 height of a point on the resulting curve to the concentration of the dye at the corresponding _ 
= point on the stained electrophoresis strips. About the first of these requirements, Franglen 
and Martin,“ Grassmann and Hannig™ and Hardwicke™ have reported that the amount of 
- dye absorbed by protein is approximately proportional to the concentration of protein when 
: _ the latter is small. About light absorption by dye absorbed to protein on paper, many 
A r workers have assumed that the optical density (transmission) of the dye is proportional to. 
_ the concentration of the dye present, i.e., it t obeys Beer’s law, and many photometers available 
_ commercially are calibrated accordingly. This assumption has received support from the | 
- findings of Grassmann and Hannig,!2 who, using naphthalene black, bromophenol blue and - 
ae azocarmine as dyes, reported that the absorption of light by the dyed protein obeyed Beer’s 


= law, and from those of Latner et al., who, using n aphthalene black as dye, came to a similar 

In contrast, however, Crook et al.> using naphthalene | black and azocarmine as dyes, 

and Hardwicke, 13 using bromophenol blue, have reported that the optical density is not i 


_ proportional to the concentration of the dye present, and this is in agreement with the findings 
__ of Price, Hudson and Ashman,™ who reported that various other substances when present | 


likely that these opposing conclusions are largely due to the use of photometers differing | 


A 


4 on filter- -paper fail to absorb transmitted light in accordance with Beer’s law. It seems 9 


in their optical systems, light sources and filters and, possibly, also to the use of different aa 
methods of fixing and staining the protein fractions. 
__Using a photometer measuring reflected light, Latner et al. reported that, with naphtha-— 
_ lene black as dye, the reading obtained was proportional to the protein concentration. In 


view of this, and because this type of photometer does not require the paper to be rendered _ 


translucent, the use of an instrument of this type, as a means of evaluating the dyed protein — 
‘fractions, has been examined more extensively, and the results of the investigation are pre- _ 


_Sented in this paper. The adsorption of various dyes by protein on and the 
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ESIS ON PAPER 


that described by Boyd.’* This prevents the heating effect of the electric current from causing 
* excessive evaporation from the paper and also avoids the nuisance of water condensing on 


rt 


the lid with which the tank is fitted and then dropping on to the paper. The walls and 
plate (40cm x 30cm x 0-6 cm) forms the lid. In the centre of the tank isa piece of copper 
Sheet, A (25cm x 15cm x 0-1cm), arranged crosswise horizontally (Fig. 2). To the 
underside of this copper sheet is soldered a loop of copper tubing (external diameter 5mm, _ 

_ internal diameter 3 mm), one arm of which, B, extends to wind twice round the inner walls wa 
ofthe tank. Cold tap water (temperature 8° to 13° C, 500 ml per minute) is made to circulate = 
_ through the tubing. (By adjusting the temperature of the circulating water the ae q 


base of the tank (38cm x 30cm x 9cm) are made of Perspex 9mm thick, and a 7 


_ of the tank could be controlled.) forthe NG 


| relationship between light absorption and concentration of dye adsorbed to protein have es Bs oh 
§ also been studied. In addition, an improved tank for paper electrophoresis has been devised 
Electrophoresis was carried out in a flat tank (Fig. 1) similar to that described by 
_Franglen® but incorporating several modifications. including a cooling system. based on 

‘Fig. 1. Perspective of electrophoresis tank: A, copper sheet; B, cooling tube; C, platinum electrodes; 

gs 
nt 
a- 
In 
od 
in 
into buffer solution contained in troughs, D (25cm x 5cm x 4cm; Capacity about 
400 ml), constructed from Perspex 3mm thick. These troughs can be removed from the 
ae a tank for emptying and cleaning. A Perspex baffle plate perforated by two holes, E (diameter 4 ot 


cotton- wool and, being below the the buffer, allow electrical conduction between 


_ the chambers, although satisfactorily preventing any pH change produced at the electrode 
from being transmitted to the adjacent chamber. A thin polythene tube, F (internal 

diameter 1-5 mm), bent at right angles at each end (by heating), stretches as a siphon between 
a: troughs and maintains hydrostatic equilibrium between them. The tube, which is } 
- easily filled with buffer solution by the use of a syringe and a bent intravenous needle, f 


remains open while electrophoresis is in progress and passes on only a megigintc fraction of the F the 


Longitudinal section through tank with paper holder in positon; 


Paper strips are held in special holders, G (Figs. 1 and 5 2), constructed from Perspex 
_ (10mm x 3 mm). Two such strips overlap one above the other and are held together 
_ by two small bolts, H, one being firmly set by its head into each strip, with the threaded | 
end passing through a slot in the other strip. A large nut on each bolt permits the two 
to be The free end of the is bent back 180°, and 


the reflected ends of the strips the handle, at to its axis. 
_ into these bars are short lengths (10 mm) of glass rod. (diameter 4 mm), rounded at the free 

a ends, which pass through holes in the paper and hold this taut. 
In operation, dry filter-paper strips (30 cm x 3-8 cm) with holes (diameter 4 mm) in the 
midline about 4cm from each end are placed in the holders, and its handles are adjusted 
so that the dry paper is held taut. The holder with paper is then ‘placed in the tank with» 

_ the ends dipping into the buffer, and the lid is placed in position. After about 30 minutes 
the paper, evenly saturated with buffer, is found to have sagged and the handle of the ~ 
holder is adjusted further until the paper is again taut. _ The paper lies about 1 cm above | 


_ the copper sheet. The serum (10 pl) is then run on to the surface of the strip in a narrow 


a clear band of paper (width about 5 mm) on each side. _ The lid is replaced and a jalier 
period of 60 minutes is allowed to elapse before the power supply is switched on. _ The- 
_ tank will accommodate six strips (three holders). It has been found, however, an advantage 
_ to run only four separations and to set up a dummy strip on each side external to the test 
_ strips. _ With ‘this arrangement a more even and parallel migration « of the protein fractions — 
_ The direct current used in this work was obtained from the a.c. mains by using a full-wave 
thermionic rectifier with choke - condenser smoothing. — - With the buffer solution described i 
- below, a potential gradient of 4 volts per cm gave a current of about 1-2 mA per strip and 

y adequate separation of serum-protein fractions was obtained with this in 12 to 16 hours. 
Pe _ The buffer solution in this investigation was similar to that described by Michaelis.” | 
i exact composition was: sodium diethylbarbituric acid, 5-00 g; sodium acetate trihydrate, . 
Site _ 3-25 g; 0-1 N hydrochloric acid, 34-2 ml; water to 1000 ml; pH 8-6; 1=0-05. The — 


paper us used ‘Whatman No. 3 — solution was used for e each 
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R 
The dyes were: (t) light green SF. (Lissamine green S. 
Industries Ltd., Dyestuffs Division)—200 mg per 100 ml in 3 per cent. w/v aqueous aalicyl 
sulphonic acid?; (#) bromocresol green (The British Drug Houses Ltd.)—200 mg dissolved 
in 20 ml of ethanol and made up to 100 ml with 3 per cent. w/v aqueous salicylsulphonic 
acid ; (4#¢) naphthalene black (Amidoschwarz 10B,_ -Bayer)—200 mg per 100 ml in 3 per cent. 
| After electrophoresis the papers were removed from the tank and placed directly into 
| the combined staining and fixing bath, in which they were allowed to remain for 1 hour. 
After being stained with light green or bromocresol green, the papers were washed with 
four changes in 2 per cent. v/v aqueous acetic acid and then with two changes in distilled — 
water. The final colour of strips stained with bromocresol green (pK =4 -6) was found © 
to depend on the thoroughness of the washing in water. When naphthalene black in salicyl- if 
sulphonic acid was used, the papers were washed with four changes in a methanol - acetic 
acid - water mixture (4:1:5, v/v) and then with two changes in distilled water. In a few 
experiments in which naphthalene black was used the staining and washing beg a 
described by Latner et al.1° was employed. _ After being washed, ‘the popes were biotte 
and allowed to dry at room temperature. = 
Light green was eluted with 40 per cent. v/v acetic acid, bromocresol 
sodium hydroxide and naphthalene black with 2 per cent. w/v sodium carbonate in 50 a 
cent. v/v aqueous ethanol. The optical densities of the resulting solutions were 
_in a Unicam SP600 spectrophotometer at wavelengths of 630, 613 and 615 my, respectively. i> 
With light grem and bromocresol green the uptake of dye by paper containing no protein 
_was found to be negl: igible. bi ‘With naphthalene black an appreciable amount of dye remained 
in the paper and allowance was made for this. In the analysis of serum proteins, the papers, _ 
_ after being stained, were cut transversely into strips containing individual zones, and these — i 
_ were dropped into measured volumes of eluting fluid. Sufficient eluting fluid was used to 
_ ensure that E,.., did not exceed 0-8. In the analysis of serum the amount of dye adsorbed © : 
_ by a given protein zone as a percentage of the total dye adsorbed was taken as the estimate 
of the relative amount of protein in that zone. No correction was made for any difference _ 
in dye-binding greg of different fractions, since it was held that there was no ec i ; 


Concentration of protein, wg per sq. qm 
mechanism of reflectance 


M, metal triangle; N, pen carriage; on filter-paiper. Protein was con- 
ie runner for pen carriage; Q, wheel; R, optical tained in circular areas approximately 16 mm in 
Pa filter; S, light-beam; T, spring diameter. Dyes: ay light green; B, bromo-_ 
 eresol green; C, naphthalene black 
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= For scanning the dried stained papers a double-beam reflectance densitometer (Model 
3 SR, Joyce, Loebl & Co. Ltd., Newcastle-upon- Tyne) was used, as supplied, and modified 


a null-point indicator and employs “twin light beams, one of which is reflected from the = 
_ surface of the paper, whereas the other passes through an optical wedge filter. Attached § - 
_ to the optical filter is a triangular metal plate, M, so arranged (Fig. 3) that movement of a 
- pen carriage, N, sliding along a fixed horizontal runner, P, and bearing by means of a wheel, 
QQ, on the hypotenuse of the triangular plate, causes the metal plate to move and, consequently, 


ae ‘the optical filter, R. Thus by moving the pen carriage the position of the optical filter may 
o> - oa be adjusted so that the light beam, S, passing through it balances the light beam reflected 
_ from the surface of the paper. Displacement of the optical filter is directly proportional 

_ to (actually, }) the displacement of the pen, and, since the optical wedge filter is graded in 
= is a logarithmic manner, the instrument gives readings on a linear optical-density scale. The 
scanning beam measures 10mm x 1mm approximately. A blue-sensitive gas-photocell 
4 with a red filter (Ilford No. 204) was used for papers stained with light green or naphthalene 


ack, and a blue-sensitive vacuum-photocell withou er was used for papers staine 
black, and a bl iti photocell without filt d f ‘Pape d 


OF ELECTROPHORESIS “DIAGRAMS” 


ie For this 5 purpose the total area under the Puennonere diagram must be subidvided 


- into areas corresponding to protein fractions. _ Four methods of delineating these areas 


(a) subdiv ision of the total area Toppin erpendicular lines from the minima 
y dropping perpendicular 


-t, tou On 7 subdivision of the total area into a series of peaks sy mmetrical about a perpendicular on 

line dro ed f the to the base line’; 
ppe d from e maximum o the base lin inet 


(d) subdivision of the total curve into triangles each corresponding a protein fraction. 

_ The first of these methods corresponds to the separation employed with elution and. 
makes no allowance for overlapping of zones. The second and third methods make allowance 
fg overlapping of zones, but are laborious and « cannot be readily applied to asymmetrical 


ae. 


peaks, ¢.g., that of y-globulin. The fourth method, which was that used in this investigation, 
_ makes some allowance for overlapping of zones, is easily applied to asymmetrical peaks 
_and involves only simple arithmetic. The area of a triangle, as a percentage of the total 
‘area, was taken as an estimate of the relative amount of protein in the corresponding zone. 


The following procedure v was adopted as conditions nearest to those obtaining 
_after electrophoresis. _ Fresh whole serum was used and serial dilutions (1/4 to 1/64) were § 
made with the buffer solution used for electrophoresis as diluting fluid. Filter-paper strips } 

es (20 cm x 3-8cm) were then sprayed lightly with buffer, avoiding complete saturation and, § 
with the paper surface horizontal, 40 wl of each serial dilution were allowed to run slowly RL 

on to the surface of the paper, the point of the micro-pipette remaining stationary and in | 

ae oa contact with the paper. The “‘spots” were sufficiently far apart for no overlapping to occur. - 
24d) ‘After all the “spots” had been put on, the paper was allowed to remain in position for about « 
a>. 10 minutes, in order to allow the diluted serum time to spread throughout the thickness of en 


the filter-paper, and was then placed in the combined dye and fixing bath. Roughly circular 
areas (diameter approximately 16mm) were obtained. The application. of diluted serum 
7 Ee to paper lightly sprayed with buffer was found to give an area of protein more evenly stained, 
. a _ slightly less regular in size and shape, than application of diluted serum to dry 
filter-paper. The amount of protein in each spot was calculated from the protein content 
of the original serum determined by a micro-Kjeldahl method, the factor 6-25 being used. 
‘a From this figure the approximate concentration of protein in each pot was obtained by taking | 
> the area of the spots to be 2sq.cm. For elution of the dye from these spots the paper strip 
‘shat was cut into segments of 2-5 cm long, each containing a dyed spot, and a segment of similar 
size not containing a dyed spot was taken to provide a blank. Before elution the strips 
were densitometer. Since t the light beam. in the latter | covers an 
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rea 10mm x 1 mm and the diameter of t the “ spot” is 16 mm, the resulting curve iin By 


MODIFICATION OF THE JLC REFLECTANCE DENSITOMETER*— ART 

_ The mean readings corresponding to the flat peaks of triplicate spots | of four serial | 


dilutions of serum (1/8 to 1/64) were obtained. «i Since the displacement of the optical wedge im ay 


= is one-third of that of the pen carriage, the displacements of the former corresponding | 


to each protein concentration were obtained by dividing the mean readings by 3. A graph ~ 


was constructed on squared graph paper, relating displacement of optical filter to protein — 
4 - concentration (scales: ordinate, protein concentration 16 cm = 150 BE of protein per sq. cm; 
4 abscissa, displacement of optical wedge filter lcm =I1cm). A piece of Perspex sheet 


(U, Fig. 3) 3mm thick was cut to fit this curve and was then made to take the place of the 


in 0-01 N sodium ~nen tr and of naphthalene black in ethanolic sodium carbonate were 


found to be directly proportional to the respective dye concentrations provided E,.m did . 


7 not exceed 0-8. _ The solutions of light green and bromocresol green were found to be e stable 
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Concentration of protein, ng per sq.cm Fig. 6. 


moo. 


Concentration of dye, ug per 


Relationship between photometer 
Relationship | between photometer reading and concentration of dye adsorbed on é 
and concentration. The protein protein contained circular “areas of 


as Sesietee | black i in solution was found to fade slightly, a proportional reduction in optical 

e density of about 7 per cent. at each concentration occurring in 18 hours, 
_--‘ With bromocresol green a direct proportionality between dye adsorbed ok protein 
“concentration was obtained with protein concentrations in the range 25 wg per sq. cm to 
300 pg per sq. cm (Fig. 4). Below this range of concentrations the amount of dye adsorbed 
was relatively less. With naphthalene black the relationship deviated from 


Felationship deviated from linearity at all 
at protein concentrations up to 150 pg per rote cm. “lind 
When the test strips were scanned, it was noted that the intensity of the airs was ‘dil 
‘fl peater on the surface of the paper to w’ a the diluted serum had been applied than on the 


other surface. This difference was present even after some time had been allowed to elapse 
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OWEN: "DETERMINATION OF SERUM- -PROTEIN | FRACTIONS 


Between en applying ‘the diluted serum and staining the s spots. Heating the strip at 110° Cc 
for 5 minutes after application of the serum but before staining did not eliminate the difference. 
_ A difference between the intensities of dyed protein zones on the upper and lower surfaces 
2 of the paper was noted frequently after electrophoresis—as will be discussed later in iis 
Be se: - paper. For the experiments here described, therefore, normally only the upper surface of the 
-% paper was scanned. The relationship between the photometer reading and the amount of 
oan a protein present was examined by plotting the height of the flat peaks against the protein con- — 
centration (Fig. 5). A curvilinear relationship was found at all concentrations. The relation- 
ete _ ship between photometer reading and the amount of dye present, determined subsequently by 
elution, was also curvilinear (Fig. 6). A similar relationship was obtained with a calibration - 
— scale prepared from serum dilutions exactly as described by Latner e¢ al.!° Measurement of 
the amount of serum present per unit area of filter-paper revealed that, at any degree of — 
serum dilution, the protein concentration per unit area was approximately 50 per cent. greater — 
when calibration scales were prepared by the method of Latner ‘« al. than when prepared by 
«It was evident from these findings that, with the staining procedures employed, the 
- - unmodified photometer did not give readings directly proportional to the concentration of 
- dye present or to the concentration of protein. However, modified as described above by 
: the use of a curved Perspex plate in place of the triangular metal plate, it gave the desired — 
relationship. The dye finally chosen was light green, because its colour did not depend, as 
_ did that of bromocresol green, on the amount of washing and because it was, unlike saaocuin ie 
black, readily removed from areas of paper no 
Normal and abnormal sera were examined by using the ‘procedure | with light 
green as the dye. With fresh sera the serum protein was resolved into the five major zones? 
and, in addition, the B-globulin fraction was resolved in two narrow zones. . Two components — 
of the ‘B-globulin fractions were always obtained with fresh serum, and also with fresh 
 heparinised plasma. It was noted, however, that when the serum had stood for a few days” 
- at room temperature, or at 5° C, the relative concentration of the slower moving component — 
became less.4_ For the present purpose only results obtained with fresh serum, i.e. , serum — 
- examined within 48 hours of the blood being withdrawn and kept during this time at 5° C, i 
have been included and the two components of the B-globulin complex have been determined — 


as one fraction. The results” have been expressed as percentages of the total protein | 
7 _ The reproducibility of the results obtained by dution and by direct photometry i is shown — an 
in in Table I. The precision with elution was greater obtained with direct photometry. 2 


OF A NORMAL SERUM 


a ee Results: expressed as means + standard deviation of a single observation, in terms of | 


bir Procedure Albumin -globulin ay -globulin B- globulin y-globulin 
Elution, replicate strips “12 66-9 9+1- 4-4 + 0- 52 6-9 + 0:55 ‘2+0-78 12:84 1-21 

metry (one curve) 686 6 £052 434042 7140-29 734015 17-74 0-41 


With the latter technique analysis | of the precision obtained at each stage indicated that 


most of the error occurred in the electrophoretic separation and staining of the protein 3 ie 
fractions, the least error being due to the actual photometry. | Twofold dilution of the © 7 
serum with buffer analysis was found to produce a small, but consistant, effect on the results — ‘- 
_ obtained (Table II). With diluted serum the relative concentration of albumin was less 
‘than with undiluted sera, whereas the relative concentrations of the globulin fractions tended ; 4 
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ed by elution and expressed as perceniage ‘of total 
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of the photometer, both modified 

obtained by elution (Table III). With instrument | the tianguar 
PY metal plate), the differences between the relative concentrations determined by direct 
7 photometry and by elution were generally considerable, whereas with the modified oon 

_ the differences were much less. An example of the effect of modification is given in Fi ‘ig. 7 7 


photometry, 
unmodified 
instrument 
photometry, 
modified 


upper surface lower surface 7 +0: . 
34 (0 to 02) 1-2 (0 to 4) (0 to 3) 9 (0 to 2) 
Elution lution (0 to to 6) 11(0to3) 14 (0 to 6) 16 to 6) 

tial In the In these duplicate a analyses all were as 

‘Th we height of the albumin peak is increased relative to the height of the lesser nen The © ae 


By direct photometry with the instrument unmodified : albumin, 33 per cent. ; globulin, 
per cent. ; a,-globulin, 17 per cent. ; B- globulin, 18 per cent. ; y-globulin, 23 per cent. 
‘» direct photometry with the instrument modified: albumin, 58 per cent.; «,-globulin, — 
per cent. ; a,-globulin, 8 per cent.; B-globulin, 9 per cent. ; ; y-globulin, 17 per cent. 
By elution: albumin, 55 per cent.; a4- -globulin, 9 per cent.; a» iii 10 per cent 
von B- om, 10 per cent. ; y-globulin, 16 per cent. ive 3 
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OWEN: PROTEIN ‘FRACTIONS 


‘The differences between duplicate analyses on the ‘same serum by direct photomet 
ae with the modified instrument ranged from a mean value of 1-0 for the «,-globulin fraction to — 
e 3-7 for the albumin fraction (Table III). By elution the mean differences were of a similar 
_ magnitade. _ A difference in the photometer readings obtained by scanning upper and lower — 
surfaces of the paper has already been mentioned. Generally the upper surface gave the 
a x, higher reading ; the mean ratio (upper to lower) of the readings corresponding to the albumin © 
peak of 16 different sera was 1-14 0-92 to 1-42). However, in spite of the differences 
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4 amin 4; 
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g.7. El Electrophoresis diagram of serum Con 
: curve recorded with the modified ‘photometer; ya 


ror broken line: curve with the w photometer 
4 


7 in the e photometer readings of corresponding peaks, the relative concentrations of the protein — 
= calculated from the curves obtained from each side of the paper were not appreciably 


eo validity of the quantitative results obtained in the analysis of serum ery by 


crepancies between the results of serum-protein analyses obtained by the > “free” electro- 
phoresis procedure of Tiselius*® and electrophoresis on paper have been noted by many 
_ workers,?:3.24,25 and these discrepancies have been attributed, largely, to the differences 
noted in the dye uptake by individual protein fractions. Mackay, Volwiler and Golds- 
worthy,”* however, have found good agreement between the results obtained by free electro- 
phoresis and electrophoresis on paper. _ The heterogeneous,?” and possibly variable, com- 
_ position of the main protein fractions, however, makes it very difficult to obtain a standard | 
on which to base comparisons. — The specific refractive increments,” the relative nitrogen 
contents” and the dye-binding capacities?*.° of individual proteins are known to differ from 
protein to protein, and for each protein fraction these properties can only be quantitatively “— 
, constant if the composition of the fraction is constant. Until the composition of a fraction 
in terms of individual protein species is shown to be constant, the concentration of the main 
protein fractions cannot be determined in precise and absohite terms. However, the value — 
of serum-protein analysis in the study of physiological and pathological processes does not _ 
depend entirely on the possibility of obtaining accurate absolute measurements of the various 
_ fractions present. What is required is a reasonably reproducible index of these fractions 
relative to each other or to the total amount of protein present. Changes in these indices 
_ then become of significance, even though the extent of these changes c cannot be computed — 
in precise terms. In this light the observed discrepancies between the results obtained by 
the ‘ ‘classical” method and those given by paper electrophoresis become unimportant, and 
| ye it would not appear necessary for many purposes to make arbitrary corrections for any 
— differences there may be in the dye-binding capacity of protein fractions. 
practice, the choice between two analytical procedures, assuming equal sensitivity 
- a specificity, depends largely on the balance between the degree of reproducibility obtainable — 
7 and the complexity of the technique employed. The complexity of replicate analyses by | 
the “‘classical” electrophoresis method is cortamnly greater than that of paper electrophoresis. 
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the ‘ ‘classical” method Armstrong® repor‘*ed an experimental error in the 

a of schlieren diagrams of + 1-5 per cent. of the total area. The over-all error in the analysis _ 

a may well have been greater than this, since it is not clear whether the figures given refer _ Pi 
to the whole process or only to the planimetry. Antweiler,*4 using a micro adaptation of ia 7 
the ‘ “classical” apparatus, reported a standard deviation of + 0-5 per cent. of total protein © 

e for each component. The reproducibility of results obtained in this investigation (Table ee 

; us “together with those obtained by other investigators using various methods for the electro- 
_phoretic analysis of serum proteins on indicate that the 
obtained with paper electrophoresis and measurement of dye uptake is of the same order P 

as that obtained with the “‘classical” method. The sensitivity of paper electrophoresis is 

g actually greater than that of the “classical” method, whereas the specificity would appear _ 
to depend more on the conditions (pH, type of buffer solution, temperature and so on) 

obtaining during electrophoresis than on the method employed. . On these grounds it would 
appear that _ paper» electrophoresis with measurement of dye uptake may be accurately — 
employed to measure serum-protein fractions in terms of a series of relative indices. "ae 

4 Certain points arising out of this investigation require further discussion. The results 
obtained indicate that dyes adsorbed by protein precipitated in filter-paper may be ae Hi 

3 _ by direct photometry, with reflected light, and thus confirm the findings of Rottger® and __ 
_Latner et al. For the purpose of dye uptake by protein, direct photometry offers several 

advantages over methods involving elution in that it is less time-consuming and provides ow. a 
a permanent record of the spatial relationships of areas containing dye. Further, the strip i.” 

itself may be preserved. _ The reproducibility obtained with elution (Tables I and III), 

un is rather better than with direct photometry, and it has been noted also that — ; 


certain instruments and staining techniques the photometer reading (in terms of - optical 
density of dye - protein complex) is not proportional — to the dye concentration, which 
necessitates either the direct calibration of the instrument or the application of correction — 
factors, e.g., by the method of Crook e¢ al. The type of photometer used in this investigation | : 


- tration, and a series of Perspex curves may be constructed for use with different staining — 
techniques. Further, the determination of dye by means of an instrument measuring the — 
— of reflected light avoids the need for rendering the paper translucent. The 
: difference in the readings obtained in scanning the upper and lower surfaces is possibly bt 
i due to a failure of the serum protein to permeate evenly through the thickness of the filter- 
paper, even in the. 12 to 16 hours during which electrophoresis takes place. However, 
4 agreement between the relative concentration of protein fractions calculated from the curves _ 
"obtained from each side makes this finding relatively unimportant. = gation, : 
___ Latner e¢ al.,° using a photometer similar to that used in the present investigation, — 
a reported that the photometer readings (in terms of optical density) were proportional to 
_ protein concentration. Present findings indicate that photometer readings (in similar oc 
3 are not proportional to protein concentration, even when an exactly similar method of pre- — 
_ paring standard curves is employed. The discrepancy between present findings and the ~ 
. ~ conclusion of Latner e¢ al.!° is, however, more apparent than real, for inspection of the — 
FE calibration data of these workers reveals that their scanner was less sensitive (presumably = 
= owing to the use of a different optical system) than that used in the ‘present investigation, e. = 
in which lower protein concentrations (amount of protein per unit area of paper) were found — a a 
to give equivalent readings on the scanner. Examination of their published calibration curve _ ae 
shows that at the lowest four serum dilutions examined, which corresponded to the range — 
covered by the instrument used in the present investigation, the plot of their police tens ES: sf 
data is consistent with a curvilinear relationship between scanner reading and protein con- oy a 
centration although, when the whole range of protein concentration is considered, the Pe a: 
do not deviate significantly from linearity, j= 
ae The use of a combined fixing and staining bath’ avoids the necessity for drying _ 


_ strips after electrophoresis, a procedure that has been found to reduce the sharpness of the 
-Tesolved protein zones. It would seem also that with this method the uptake of dye by 

a protein is more nearly proportional to the protein concentration than has been = 

; for other staining techniques.“ Martin and Franglen™ and others!» have noted differences — 
also in the relative uptakes of dye by albumin and the main globulin fractions. In the 
present studies whole serum was used to investigate the dye uptake, since it was held that no 
be applying corrections for any difference uptake by 
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.—- not be demonstrated with the — used for all protein concentrations, deviations from 
— were not appreciable over a sufficiently wide range. The application of only 10 ul 
of serum per strip ensured that the protein concentration did not exceed this range (except 
_ rarely in the analysis of sera from patients with multiple myeloma, whose serum-protein 
_ pattern contained a relatively narrow and concentrated zone). The effect of dilution of 
Blas the serum on the results (Table II) is probably due to the absence of exact proportionality 
ey between dye uptake and protein concentration over all ranges of the latter. However, the 
__ differences produced by a twofold dilution of the serum are so small that the changes in total 
protein concentration of serum occurring as a result of im vivo alteration in serum water 

_ content cannot appreciably affect the results obtained with a standard procedure. Boye: 
' oe Discombe et al.,? ' using light green as a dye and measuring the dye by direct photometry 
_ (transmission), have also noted that the results depend on the amount of serum analysed, 

the relative concentration of the largest protein fractions present 2. egg in the example 


been due, in part, to nie absence of a anes relationship between scanner reading and wre 
concentration—a point on which no information is available = = 
‘Tt may be concluded, therefore, that with zone electrophoresis on paper and direct | | 
photometry of the stained protein zones, serum-protein fractions may be measured as 
accurately as with other electr ophoretic techniques and with greater ease, so that call Bey 
in the distribution of serum proteins may be computed sufficiently accurately to provide 
useful information. Moreover, it must be emphasised that with no existing method of analysis 
serum-protein fractions be measured in absolute terms. 
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Benzene and ‘Toluene 
By W. HANCOCK anp E. Q. LAWS 
eee ts 2 — method i is given for the quantitative evaluation of benzene and toluene, 
e range 0 to pg of both nitration pro lucts. 
_ MeTHops have been pt published?.?.3.4 for the quantitative determination of benzene in air 
in the presence of toluene and xylene by using the well known Janovsky reaction between - 
m-dinitro aromatic bodies, a ketone and alkali. These methods rely on maintaining the 
pe colour due to m-dinitrobenzene and suppressing that due to the other interfering nitro — 
compounds. Our previous - work on this reaction® led us to study conditions of nitration 
| and the resulting products. This paper is confined to the nitration of benzene and toluene © 
_ in trace amounts and the quantitative evaluation of both constituents by using the Janovsky ~ 
reaction, the optical density of the coloured solution being measured at two wavelengths. 
it is our intention to proceed to the e study of the nitration products +4 the xylenes. 


ha The products of the nitration of benatiie and toluene are affected by many factors 

they have been the subject of exhaustive Some examples are given 
ft Table I. From these data it is possible to select conditions of nitration that yield products Bn 
Br suitable for our present purpose. In fact, we have chosen method No. 6, as it satisfies our 

| requirements, giving a product consisting mainly of m-dinitrobenzene and 2:4:6-trinitro- vs 

| toluene. It is clearly desirable that the formation of the two compounds in which we are 

interested should be at a maximum for both, 


PRODUCTS OF BENZENE AND TOLUENE 


05 ml of each hydrocarbon ‘taken in 10 ml of acid. 


Cold concentrated nitric acid, Nitrobenzene, no m- dinitro- Nitrotoluene, no 4- 
Hot concentrated nitric acid, 7 Nitrobenzene, no Nitrotoluene, no 4- 


fuming nitric acid, sp.gr. Nitrobenzene with a trace of Nitrotoluene, some 2: 4- dini- 


fuming acid, Nit robenzene some m-— Some nitrotoluene, mostly 


5 nitric acid, -Dinitrobenzene _(trinitro- 2: 4- Dinitrotoluene, no trini- 


sp.gr. 1-42- sulphuric acid benzene is not formed) =—ttrotoluene 
Hot nitric acid, m-Dinitrobenzene (trinitro- 2:4:6-Trinitrotoluene q 
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AND Li THE SIMULTANEOUS DETERMINATION 
- With m-dinitrobenzene and 2:4-dinitrotoluene as starting materials, a range of experi- 
_ ments was carried out based on the data of Table I to find the conditions under which the — 
dic of 2:4:6-trinitrotoluene is at a maximum and the loss of m-dinitrobenzene and x 
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i. Absorption “spectra curve A, dinitrobenzene; curve 


‘ 


‘Fig. 2. spectra: curve A, 1:3:5- B, 


2: 4-dinitrotoluene (and so trinitrotoluene) is at a minimum.  Nitration for 2 hours at 105° C 

_ was finally selected. The difficulty is to complete the trinitration of the toluene and at the 
_ same time prevent the destruction by oxidation of the 2:4-dinitrotoluene and of the 2:4:6- 
trinitrotoluene formed. Under the experimental conditions selected the loss of 2: 4: 6-trinitro- 
toluene was about 20 per cent. and of m-dinitrobenzene about 6 per cent. These figures — 

_ were obtained by the method described in this paper by comparing the recovery after nitration 
_ with results obtained with the pure compounds. As a consequence of these losses, it is 
Mecessary to Prepare ¢ calibration curves for the tv 70 Compounds under the experimental 


—— 


oF If the starting materials are hensiiie and toluene, there is a further loss amounting ng : 
le _ about 10 per cent. in each case, since the yields of m-dinitrobenzene and 2: :4-dinitrotoluene 
_are only about 9’ per cent., owing to the formation of isomers. It is therefore necessary to 
iy _ construct practical benzene and toluene curves to correct for this factor. When 50 pg of 
_ benzene were taken, 43 wg were found—a recovery of 86 per cent.; when 19 and 27 pg of 


toluene were taken, 13 and 19 were found—recoveries of 69 and 70 cent. 
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between dinitro compounds, ketone | and alkali occurs most 


‘dety On nitro groups that are in the meta position to each other. In the range with 
which we are concerned (0 to 50 wg), we may regard o- dinitrobenzene, p- -dinitrobenzene and 

_ 3:4-dinitrotoluene as giving no colour, although in far higher concentrations they give colours 

f with butanone and alkali and more intense colours with acetone and alkali 

. _ Trace amounts of compounds having a m-dinitro grouping give the characteristic colours aa 
_of the Janovsky reaction. The trinitro compounds also yield these colours, as they must | 

_ have at least one pair of nitro groups in the meta position. m-Dinitrobenzene, 2:4-dinitro- _ 
“toluene, 1:3:5-trinitrobenzene and 2:4:6-trinitrotoluene were examined and the absorption et 
spectra of their coloured reaction products were plotted for the wavelengths 400 mp to 
a a Unicam SP600 The results are shown in 


= 


dinitro ~The curves shown were obtained on approximately 50 pg cach 


1 40 50 (0374 


for A of the Table are obtained with the onp. p. a: series 
were obtained with a different ketone, the following factors 
Optical density equivalent to pg 2:4:6- trinitrotoluene 00373 
From Table I it is seen that 1:3:5-trinitrobenzene is not formed in the ordinary course 
of nitration and that 2:4-dinitrotoluene goes mainly to 2:4:6- trinitrotoluene by method 6. ; 
We are left with m- -dinitrobenzene and 2:4: 6-trinitrotoluene for the quantitative measure- 
‘ment. Now these have absorption maxima at_ 565 mp and 462 mp, respectively. 
addition, 2:4:6-trinitrotoluene has only 33 per cent. of the absorption of m- -dinitrobenzene 
a. 565 mu, whereas m-dinitrobenzene has 10 per cent. of the absorption of 2:4:6- ee a 
_ There is, therefore, a good possibility making an accurate determination of in 
the presence of the other. A series of results is given in Table II, based on known quantities _ 
of m-dinitrobenzene and 2 : 4- dinitrotoluene, nitrated at 105° C for 2 hours, extracted, measured — 


and calculated as described below. All the recoveries are quantitative. 
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a i : 
is reached in 15 to 20 minutes and fading then occurs rapidly. =. approaches 
_ its maximum in 20 minutes, but remains stable for 45 minutes. As a working compromise, f 4! 


4 we have adopted a shaking period of 15 minutes, followed by an interval of 5 minutes for | the 
-_ transfer to the absorption cell and taking the reading. _ It is important that the conditions | 4és 
S q of shaking should be the same for both the sample and standard, as extremely col Cal 


_ shaking shortens the time of colour development for the nitro compounds studied. = 


REAGENTS— 


Nitration Irom analytical- -reagent quality | nitric and 1 sulphuric acids, 1 mixed 


_ Ether—Freed from peroxides and aldehydes by shaking with water, and then by 
saturated ferrous sulphate - 10 per cent. sulphuric acid until a sample of the ether give es 
7 ee  Butanone—Commercial samples of this material are liable to be impure. The wine 
‘should be fractionated with a good column and only the first four-fifths of the fraction boiling 
_ between 79° and 81°C should be used. Different commercial samples have been found to 
_ give different colorimetric figures, but a satisfactory sample should give a reading for optical 
density of not less than 0-24 when tested with 20 ug of m-dinitrobenzene and potassium 
hydroxide under the conditions described below. It is emphasised that considerable 
. = may be found and that a frequent check : should be made on the material selected | 


Sodium chloride, saturated solution—Prepared from analytical-reagent grade material. St 
Sodium hydroxide, 2 per cent. solution—Prepared from analytical-reagent grade material. 
Potassium hydroxide, 40 piel cent. from analytical-reagent grade 


Collect benzene and toluene or their dexivatives at room in 10 ml 
_ of nitration acid. Heat to 105°C and keep at this temperature for 2 hours. At the anal sl 
of this time remove the tube containing the acid from the heating-bath and cool it. Pour | ® 
_ the contents of the tube into 50 ml of water and rinse with a further 50 ml of water. Transfer } S 
the aqueous solution to a separating funnel and extract with 50 ml of ether. Run the aqueous | i 
_ layer into a second funnel and extract with a second 50-ml portion of ether. Reject x | , fi 
aqueous layer, and wash the first ether extract with 30 ml of 2 per cent. sodium hydroxide t 
Solution. Transfer the alkaline solution to the second funnel and extract the ether with it. | 0 
a Reject the aqueous layer. Extract the ether layers separately with 30-ml portions of saturated | t 
sodium chloride solution. Run off the aqueous layers and transfer the ether layers with i, 
rinsing to a 250-ml conical flask fitted with a ground- glass joint. It is important that no y 
oh of aqueous solution should enter the flask. Add 0-5 ml of liquid paraffin to the ether | t 
extracts. Connect the flask to a condenser and remove the ether by gentle distillation. | 
7 _ Remove the flask from the heat-source while a few drops of ether remain and evaporate > © 
Y the remaining ether by means of a stream of air. Add 10 ml of purified butanone to the + 
és flask and 1 ml of 40 per cent. potassium hydroxide solution. Place on a mechanical shaker | 
Ps \ and shake for 15 minutes. Prepare an absorption cell (a 10-mm cell is convenient) by placing 
a few drops of the potassium, hydroxide solution in the bottom. Place a suitable amount | 
= a and taking the reading. Substitute the observed values for a and b in the equations and 
calculate the quantities x and y of m-dinitrobenzene and 2:4:6- 

Prepare solutions of m- m-dinitrobenzene and 2 :4-dinitrotoluene by dissolving 
- 0-2 g of the compound in concentrated nitric acid. Dilute an aliquot with nitric acid to 
_ give a solution containing 200 pe per ml. _ This may be kept as a stock solution. Dilute | 
‘ ml of the stock solution to 100 ml with concentrated sulphuric acid. _ This gives a solution 
containing 10 wg per ml in nitration acid. Take appropriate amounts of this solution and 
make up to 10 ml with nitration acid. 


of the butanone solution in the cell and take optical-density readings at wavelengths of 
462 mp and 565 mp. Do not allow more than 5 minutes to elapse between the end of shaking 


&g 
= a 
» 
q 
a 
4 
+ 
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“The dinitro compounds are ¢ quite stable i in nitric acid, but any: alata in nitration 
acid. It is therefore necessary to make the final dilution into the sulphuric acid only when us 
solution is required for use an to discard any unused the solutions as 


CALCULATION OF RESULTS— 
From the standardisation figures the ee density equivalents of 1 pg of m- iio 
benzene and 2:4: 6-trinitrotoluene may be found for the two wavelengths 462 my a and 565 m - 


Values obtained with one batch of purified butanone were as follows— _ 


-dinitrobenzene .. 00080 = 0-01320. 
‘Optical equivalent to to l 4:6- trinitrotoluene -00786 0- “00437 
the optical density obtained with a mixture at the two wavelengths 
a and 6 and the amounts of the two compounds are x and y pg (x = m- oral : 


ing | 000080 x + 0 (62 


Sol ving 


Substituting numerical values for a and in Ti able if), we obtain the 
figures for m-dinitrobenzene and 2:4:6- trinitrotoluene. (Te as 


The method is empirical in that the factors obtained may vary quite considerably from 


_ It is probable that other workers will obtain with different numerical constants. 
| Provided that the tests on samples and standards are done under identical conditions this 
_— not invalidate the method. Losses due to parallel nitration reactions and oxidation —__ 
re a constant proportion of the amounts present and will not affect results obtained when _ ~ 
sample and standard are treated in the same manner. ale is seen that the recoveries given 2 

in Table II ya reasonably quantitative. There is a tendency for the m- -dinitrobenzene 
= and for the 2: 4: :6- trintrotoluene figures to be high. _ This may be due to 


of best fit’’ gives ane that are not so far different from those recorded as to justify the 


ti t on the calculation. 
We thank Dr. G. M. Bennett, C.B., FR RS., the Chemist, for per 
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Detection and Determination of Traces of 
Polynuclear_ Hydrocarbons in Industrial 
Iv.* ‘The Quantitative xamination of Effluents 


‘By PHILIP WEDGWOOD anv RONALD L. COOPER 


method is described for the determination of polynuclear hydrocarbons 
 eteedhatg in effluents and the results are discussed. _ Discharges into the sewers of — 
~ iaglaanant effluents containing oil are shown to be a greater potential source of these os 
Re compounds than gasworks spent ammoniacal liquor, which makes only a small 
_ contribution to the quantities found in the sewage. Carburetted water- -gas S 
effluent is taken as an example of effluents containing gas oil that has been 7 
subjected to cracking in the gas-producing plant. 


_ THE method for th the de detection of traces of polynuclear hydrocarbons has been described in 
ea the earlier papers of this series.1,?.8 Full details of the method for the determination of the 
hydrocarbons on the microgram scale together with the precautions rani to achieve 

_ accuracy have been described by Cooper. 
__ _ Peak heights are measured by using a . base line, assuming that background absorption 
is linear over short ranges of wavelengths. The precautions include purification of solvents 
- and taking measurements of peak heights at a fixed slit width in accordance with results 
from calibration curves, with an optical density not greater than 0-8. sis 


Extract 1 1 litre of ‘effluent ‘three times with chloroform. Filter the chloroform extract 
— then remove the solvent by careful evaporation. — Remake the solution in a few millilitres 
= “of cyclohexane. Chromatograph on a short alumina column (1 cm x 1 cm) and examine 
ae a each eluate for specific hydrocarbons, For quantitative analysis make up individual eluates 
g to 5ml or 10 ml or, when the optical density is very low, suitably combine them. The 
limit of the determinations in 1 litre. effluent is about 0- l p B 

‘The effluents of a number of sewage _ works have been examined, and hydrocarbons 
_ such as acenaphthylene, pyrene, alkylpyrene, fluoranthene and 3:4- -benzpyrene have been 
some for rene, which has received attention, are summarised 


‘in’ 


we to interference from the large amount of suspended matter and other unoxidised 


A series of samples taken at different stages of treatment in a sewage ‘works, dang 


¥ steady fair weather conditions, will show a . reduction in pyrene.content from inlet to final 


AS 


oi outfall. In the cases of sewage works B and D, treatment of the sewage was less efficient 
than at works A and C. 
oD ae The effect on the pyrene content of the final filtration through sand at sewage ‘works 


particulars of Part I of this series see list, Pp. 44, 
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F TRACES OF POLE EDROCARDONS 


 Acidify 10 to 100 ml of effluent with dilute sulphuric acid (5 to 10 per cent. .) and extract 
a 4 least three times with chloroform until the aqueous phase is clear << colourless. Filter 


A—Receives very little trade effluent and no gas works effluent. ; 

B—Receives trade effluents, including tannery waste and effluent from 

C—Receives a high proportion of trade effluents, including less than 
0-2 per cent. by volume of spent gas liquor, 
=. A very efficient sewage works in which, after the usual sedimentation, abe 
a 7 _ the sewage is treated by the activated sludge process, followed by single 4 
filtration in bacterial beds, settlement of humus and final sand filtration. 


litres Received some trade effluents, including about 0-7 per cent. of spent 

gas liquor and a similar proportion of carburetted water-gas plant 
uates An overloaded and rather inefficient sewage works practising single 
the solution, evaporate carefully and prepare a_ ‘solution in cyclohexane. a 


<4 | Chromatograph on an alumina column (6 to 10cm x lcm). The hydrocarbons separate oa, 
ite _ into between 10 and 40 eluates, which are examined and suitably combined for determination. | 

Bi a va Complete separation of the individual compounds is not necessary to obtain reproducible — 
rbons es results, as can be shown by combining the eluates and repeating the chromatography and a 
been determination several times. — Consistent results are obtained, even though variations in he 
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works 


* Letters same towns as i as in ‘Table I 
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to further treatment before discharge to sewers by filtration through coke beds or in a specially 
: designed plant. In the case of the effluent produced at gasworks D filtration reduced the 
ra concentrations of anthracene, pyrene and 3:4- -benzpyrene to 0-2, 0-15 and 0-02 p.p.m., 


respectively. _ Hydrocarbons having and 4 rings are ‘present in concentrations 


are from 100 to 1000 times greater are found spent as Tiquor effluents. 


Extract 100 to 200 ml effluent, made strongly ‘alkaline (10 per in potassium 
hydroxide) , by repeatedly shaking with chloroform in the manner described in Part III of — 
this series of papers. Subsequent procedure and the method of determination is similar > 
to that already described for carburetted water-gas effluent. = | tina | | 

: _ The pyrene content is of the order of ” — per | 1000 million, a recent ene 

The hydrocarbon content of well settled tar-free spent gas liquor is very — towel ; 

n that of carburetted water-gas effluent. With pyrene - contents as a basis for making ~ 

pos ed it is evident that discharges of spent liquor from a gasworks to the sewers» 

in normal proportions would not wholly account for the presence of polynuclear hydrocarbons © 

in the concentrations found in sewage. For example, 0-7 per cent. of spent liquor containing ~ 

11-5 parts per 1000 million would represent only 0-08 parts per 1000 million, whereas higher 
== were found in places where gasworks effluents were not discharged, and indeed — 
at sewage works A, where the sewage was almost wholly from ordinary domestic sources. > ~ 
a It is evident that the discharge of untreated carburetted water-gas effluents in a like >> 
proportion (about 0-7 per cent. by volume in the particular case of gasworks D) and of similar > _ 


a = to the examples given could result in an appreciable addition to the concen- 


trations of polynuclear hydrocarbons in the sewage. The pyrene results indicate that the 
rate of oxidation of hydrocarbons in the sewage works is slow, but it has been made clear 


i already i in Part II of this series that the more complex hydrocarbons appear to be retained _ 
in the sewage humus, which i a removed by sedimentation before the treated effluent is is finally “4 


> 1. Wedgwood, P., and Cooper, R. L., Analyst, 1953, estes 7s 

4. Cooper, R. Ibid., 1954, 79, 573. 


Tw Str Joun Cass aaa 

-Lonpon, EC. he = 


— 
\4 
4 
— 
Dsb 
prci 
— | 
| RE 
a2 
In 

= 


| tory grade A or equivalent, aie 


(ii) A 35-ml platinum crucible and lid. we q 


An. for the 


we sodium fluoride and subsequent heating to fuming with sulphuric acid. 
_ The solution thus obtained is treated with tartaric acid before being nate my 
a alkaline and diluted to a known volume, from which an aliquot portion is pani 
taken. p-Nitrobenzeneazo-orcinol is aiided and the optical density relative 


to a blank is measured on the Spekker 
THE ethylenediaminetetra-ac the gravimetric analysis of beryl, 
hitherto used in the Uganda Geological Survey laboratory, is accurate but tedious. The 
absorptiometric method described in this paper is designed to speed up the determination 
of beryiitum oxide without significantly sacrificing accuracy. It is based, after Stross and — 
Osborn,! on the measurement of the optical density of the lake formed by p-nitrobenzeneazo- a ; 
orcinol with beryllium in sodium hydroxide solution,? but unlike the method proposed by — . _ 
Stross and Osborn, neither separations nor corrections are required, nor are there any tt 
interferences when assaying the usual Uganda beryl. 
x _ (#) Hilger and Watts Spekker absorptiometer, fitted with a tungsten-filament ae 
a _ Calorex heat absorbing filters and a No. 4 green filters. Seven clean and i 


a 


iy, 


(iii) Two 50-ml burettes; National Physical grade A or equivalent. 
Gv) One 100-ml burette; National Physical Laboratory grade B or equivalent. & 
| @) Calibrated flasks of 100 ml, 250 ml and and 500 ml capacity ; National | Physical I Labora- 
Standard 0- 14g of Johnson Matthey beryllium oxide into 
a 250-ml beaker, cover the beaker with a clock-glass and place it in the fume cupboard with 
the fan Slide back the clock- glass so as to ine spout of the beaker, 


‘portions, after each addition, and ‘then: make the solution just alkaline to 
ted test paper by carefully running in 50 per cent. sodium hydroxide solution drop by drop | 
from. a burette. Add exactly 10 g of solid sodium hydroxide, transfer to a 500-ml calibrated _ 
flask, cool and make up to the mark with water, 
a Blank solution—Dissolve 40g of tartaric acid in about 250 ml of water . Add 10 = > 
of 50 per cent. sulphuric acid and 25 g of solid sodium hydroxide in portions as described © ea 
Sere . When all has dissolved, make alkaline with 50 per cent. sodium hydroxide solution, — 
add | exactly 10 g of sodium hydroxide and make up to 500 ml in a calibrated flask. ahi 
Dye solution—Weigh 0-05 g of p-nitrobenzeneazo-orcinol into a 400-ml beaker, 

add 2 g of sodium hydroxide and 200 ml of water. _ Stir the solution for about 151 minutes, 


io) there appear to be any bene in the solution, remove them by means of a oon 

_ tipped rod and stir again before filtering through a 15-cm Whatman No. 541 filter-paper. 
_ Sample solution—Weigh 2-0 g of sodium fluoride into a 35-ml platinum crucible, melt — 

it briefly over the blast Meker burner, remove the crucible from the flame and set it aside to 
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cool. LW ‘eigh exactly 0-5 B of sample into the crucible, and fuse the mixture for 5 to 10 badeetl 


__ Place the crucible a tripod the add 3 ts 


_ 3-5 ml of concentrated sulphuric acid, replace the lid and heat very gently until all effervescent 
action is finished, and then more strongly until fumes of sulphur trioxide are evolved. Com- 
, “plete the decomposition with 5 minutes’ strong heating to ensure that all hydrofluoric acid 
is driven off. Allow the crucible to cool, place it in a 400-ml beaker and add about 150 ml 


water. Warm the beaker on the hot- -plate until solution is and then Temove 

Add 20g of tartaric acid. "Ww hen this has dissolved, add 12 of sodium hydroxide | 
4 two portions, cooling after each addition, and make alkaline with 50 per cent. sodium | 


droxide solution. 5g of sodium and make up to the mark in a 250- ml 


Take seven 100-ml flasks and mark them 2 2: 4, 6, 8, 10, B the first five 
add from a 50-ml burette, respectively, 2 ml, 4 ml, 6 ml, 8 ml and 10 ml of standard solution. 
_ Make the first four up to 10 ml with blank solution from a second burette. _ Into the flask § *’ 
_ marked.B run 10 ml of blank solution and into S put, by pipette, 10 ml of sample solution. § — 
Add to each flask 20 ml of dye solution from the 100-ml burette, and dilute the solutions f 
in the flasks to the mark with water. Shake well, and to ensure thorough mixing pour the f 
_ contents of each flask into a dry 250- al beaker, and then back into the flask. ia pcata aaa 


Measure the optical densities of the sample and standard solutions relative to the dye 3 


“2 - belek solution in flask B, on the Spekker absorptiometer, using the tungsten-filament lamp, | 

_ Kodak No. 4 green filters and 2-cm cells. Construct a calibration curve of optical density J 
=. against beryllium oxide content expressed as percentage of beryllium oxide in a 0-5-g sample, 
a the standard solutions representing 2-8 per cent. (2 ml), 5-6 per cent. (4 ml), 8-4 per cent. (6 ml), 
11-2 per cent. (8 ml) and 14 per cent. (10 ml). The may be with 


= 
to a degre and 2 zinc toa extent form coloured with p-nitro- 


can, however, be removed as ; sulphides ‘means of sulphide. 
_ Beryl itself may contain, apart from the beryllia, alumina and silica of its theoretical | 
composition, subordinate down to. trace amounts of iron, titanium, manganese, calcium, i= 
~~ and so on, all of which can be substantially increased by any gangue rock over- 
_ looked when upgrading a beryl concentrate for sale. None of these elements interferes in 
the sense of forming coloured lakes with the dye, and those ‘giving colourless solutions are 
wholly without influence on the course of the analysis. 
Tron and manganese alone give coloured solutions. The former, in a concentration 
equal to 100 per cent. of ferric oxide in a 0-5-g sample, was found to interfere by an optical 
density of 0-010. As the poorest beryl concentrate does not contain more than 10 to 15 per 
cent. of ferric oxide, the influence of iron may thus be ignored. SOLA Or ee cont Ota 
| _ Manganese in the initial sample solution gives a reddish-brown colour not unlike 1 = | 
_ beryllium lake, and might at first be supposed to interfere more severely than iron. Toft 
_ check on this point, two solutions were prepared in accordance with the instructions contained | 
in the method, each containing beryllium equivalent to 14 per cent. of beryllium oxide, and f 
one having, in ‘addition, the manganese equivalent of 5 per cent. of manganese oxide. — When 
measured against the usual dye - blank solution, the optical density of the solution containing } | 
manganese was only 0- ‘010 greater than the plain beryllium solution. The manganese 
content of even a very impure beryl concentrate will not usually exceed 1 to 2 per cent. of 
manganese oxide at the most, so that the interference of this element also may be ignored. 
In any event the presence of excessive quantities of manganese will be detected im- 
“mediately from the colour of the initial sample solution ; this colour will fade away wholly 
or partly, depending on the manganese concentration, after standing for 24 to 48 hours in 
a stoppered flask. 4 a ‘tame permits, the interference of excessive fe amounts of manganese may 
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} DETERMINATION OF BERYL LUM. IN BERYL 
as 
thus simply s a solution and used before atmospheric 


oxidation causes a return of the colour. 


The colour intensities of the dye - blank, dye - standard dye - sample solutions, 


and the were densities of the last two relative to the first, are ‘dependent on the following 


The sodium hydroxide concentration, which governs the pH of the measurement 
solutions, influences the colour intensity of the dye in blank, standard and sample solutions, be 
and to a lesser degree, that of the beryllium lake is, we ae 
_ The curve in Fig. 1 shows the sodium hydroxide content of the initial solutions ee 
a |: give maximum relative absorption in the measurement solutions. The concentration i is a 
not critical between values of 1 and 2-5 per cent. w/v, but the figure of 2 per cent. was el 
elected for use in an analysis as as it permits an error of +0- ” me per 100 ml in weighing the 4 
CONCENTRATION OF DYE “SOLUTION 
Fig. 2, curve A, is: a typical calibration curve obtained 
method. It falls aw ay progressively with increasing beryllium oxide content of the measure- 
ment solutions from the theoretical straight line of Beer’s 


lye - Sactines containing the higher quantities of beryllium oxide, for the maximum theoretical 
| dye concentration is 5 mg per 100 ml, whereas the beryllium oxide content goes up to 2-8 mg 
isity per 100 ml. it is not to add more since its intense colour 


ines. | _ _ This defect, inherent in the use of p-nitrobenzeneazo-orcinol, can be overcome by adding © 
af a large excess of sodium hydroxide. The excess of alkali so deepens the colour of the dye 


unconsumed by the lake formation that the optical density of the dye (as distinct from the 
lake colour) in all the standard solutions becomes equal within the perception of the Spekker — 


1 1. Absorption of "beryllium pt nitro-— ‘Fig. 2. Calibration curves: beryllium 
benzeneazo- -orcinol solutions containing -_p-nitrobenzeneazo-orcinol solution ; B, beryllium - 
ained amounts of sodium hydroxide; beryllium content p-nitrobenzeneazo-orcinol solution containing 
, and equivalent to 14 per of beryllium oxide in a 


absorptiometer. a remedy is not, however, as is shown by Fig. 2, curve E 


| The calibration curve becomes a straight line, but the relative optical density of the standard — 
to the blank is greatly reduced, resulting in a — gradient and loss of sensitivity. Aad a 


TaRTaRtc ACID CONCENTRATION— 


Z Fig. 3, curve A, shows another typical ‘calibration graph, prepared by the prescribed 
method. _ Curve B is obtained by doubling the concentration of tartaric acid (made just © 
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alkaline with sodium hydroxide) in the measurement solutions, other reagents the 
as for curve A. It will be seen that some care must be taken when weighing out the tartaric 
ed used to prepare the initial blank, standard and sample solutions in order _— ™ 
concentration of this reagent may be substantially the same in all — gain 


Optical density 


» 


Calibration curves: A, ‘beryllium - Fig Calibration | curves beryllium - 
p- lake: curve A, measure- 


-nitrobenzeneazo-orcinol solution; B, beryllium - 
_ p-nitrobenzeneazo-orcinol solution containing within 30 minutes of preparing the 


double _amounts of tartaric acid as sodium solutions; curve B, measurements made on 


: ‘ oh ‘should be noted that not less than 8 per cent. of tartaric acid is necessary in the i 


_ initial solutions to prevent the formation of an insoluble precipitate on standing. __ 
The colour of the beryllium - p-nitrobenzeneazo-orcinol lake develops immediately one. 

; adding the dye to the standard or sample solution, with little subsequent change. Curve A, 

_ Fig. 4, shows the absorptions measured within 30 minutes of preparing the solutions; curve B 


‘The followi ing are beryls analy (a) by the 
“lea and (0) by | the absorptiometric method described in this paper— ae 4 
Beryllium oxide by gravimetric method, 10-87 


Beryllium oxide by absorptiometric method, 


; _ The author thanks the Director of Geological Survey, Entebbe, for permission to publis 
= “this paper. He also gratefully acknowledges advice and assistance received from Mr. P. G. 
(Geological Survey of Uganda) and Mr. 0. Marzys elopment 
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By G. PACKMAN anp G. F. REYNOLDS _ 
= be arsenic in the polarographic determination of antimony and tin in ed wae = 
acid solution is described. Comparative results are presented. 


= 


— involved the polarography of antimony in 0-5 M paliienie acid, after which the solution . 
vf | made 6 to 7 M with respect to hydrochloric acid and a polarogram for tin was made. The a 


_— existence of the antimony in the tervalent state was ensured by precipitating the sulphide 
6 E _— from sulphate solution with hydrogen sulphide and evaporating until the sulphide redissolved. e 


= 


aa. general, the results obtained were good, but in a number of cases it appeared that the a a 
lium. | 22timony content was unexpectedly low, whereas that of tin was _ impossibly high. This ae ae 
asure- | Was traced to the presence of arsenic in the samples, and it was further shown that the effect : 
1g the § was serious only when the concentration of the arsenic approached that of the antimony.  § ii 
m the The work described i in this was therefore undertaken to eliminate 
id, polarography was carried out at 25°C on a Cambridge Instrument Co. 
a (Peed seg _ All potentials are expressed in the European sign convention. In this con- — 
vention the potential of the saturated- calomel electrode is taken as +-0-246 volt against the 


7 POLAROGRAPHY ANTIMONY IN THE PRESENCE OF F ARSENIC— 


_— | Studies of the polarographic characteristics of antimony in the presence and absence 
ions 1s of arsenic and of the polarographic characteristics of arsenic itself were made. It was found, 
in the} in agreement with some published work,!* that quinquevalent arsenic is not reducible at 
. of the dropping-mercury electrode under the conditions that we used. _ The reduction wave 
for quinquevalent arsenic reported by Meites* was not obtained, since our experiments were 
carried out in 0-5 M sulphuric acid, whereas Meites employed solutions of a high preter l 
content. Tervalent arsenic, however, was shown to give a smoothly sloping line instead __ a ; 
ofa step of normal shape. This slope became perceptible at about the same applied potential | 2 : 
as that of the beginning of the antimony step and maintained an almost constant value 
until a little after the completion of this step. _A rapid non-linear increase in current then is 
took place, the commencement of which was displaced towards less negative potentials with i a 
decrease in pH. Hence, the polarogram of antimony in the presence of tervalent arsenic _ a .. 
consisted of a step with a considerable slope of the plateau, asshown in Fig. 1. Adecreased 
ag ‘q the step height was therefore obtained by the normal nal extrapolation method (FG in © 
oi Ma view of the | fact that, for satisfactory polarography, it was necessary to retain the — 
antimony i in the tervalent state,‘ it was not possible to remove this arsenic interference by 
_ oxidation to the quinquevalent state. It appeared, however, that it might be permissible 
_ to apply a correction to the antimony step height if the arsenic polarogram could be regarded — 
as a gradient linearly related to concentration rather than asa step, 
ors a _ A series of solutions of tervalent arsenic in 0-5 M sulphuric acid was therefore prepared i 
th, 19555 "and polarograms were recorded. The concentration range was 0 to 100 yg of tervalent arsenic eS at 
per ml. The steady rise, already described, was obtained in each case and the vertical height 
a the rise between —0-40 and —0-65 volt (against the mercury pool) was measured. These 
— fF , after conversion to a constant polarographic sensitivity, were plotted as arbitrary __ _ 
nn —& scale divi isions, against arsenic concentration. As shown in Fig. 2, the relationship was fairly 
+ i linear, and so a mean factor for the relation between height of Tise and d concentration of oe 
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be ‘Applied potential, volts against ‘mercury ry pool ge: 
re changes in the half-wave ‘potential of the antimony step occurred, _ the position of V 7 


Counter-curren 
= were adjusted i in each case to ¢ ensure that the foot of the antimony step was parallel 


rary unit 
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Mig: 2 Correction graph fo for aio 


The antimony recoveries were calculated from the step heights obtained, a compariaods 


_ being made between the conventional method of measurement (FG in Fig. 1) and the corrected _ 
_ step height (BC in Fig. 1) after allowance bis the contribution due to arsenic had been made, 
the height cD being’ found from Fig. 2. These recoveries are presented comparatively 


IN THE PRESENCE OF ARSENIC— 


mployed for the determination of tin (3 ml of 05M ‘sulphuric acid 

~_ with 2 ml of 10 M hydrochloric acid) quinquevalent arsenic was again shown not 

to be reducible. arsenic, however, gave a well defined 


series of solutions containing knowl amo ml, in 05 M 
centration range 2 to 50 per ml, in | 
within the concen st the mercury pool. 
— 
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POLAROGRAPHIC DETERMINATION ©) 


Arsenic 

added, method, correction method, 


is obtainable equally well from stannous or stannic edition in this medium, it was con- 
sidered that the interference could be removed by a suitable oxidation procedure en 
A series of solutions of tin and tervalent arsenic in 6 ml of 0-5 M sulphuric acid was __ 
prepared, within the concentration range 10 to 60 yg per ml. To each solution 4 ml of 10 M ae, 
hydrochloric acid and 0-2 ml of saturated potassium chlorate were added. The solutions — : 
were boiled until the odour of chlorine was absent. This was usually so when the volume mee 
had been reduced to about 7 ml. After cooling, the solutions were transferred to 10-ml oom 
calibrated flasks, and after treatment with 0-2 ml of 0-1 per cent. proteose peptone were 
: _ For purposes of comparison a similar series of solutions was prepared, in which the 
rrent "chlorate oxidation stage was omitted. iy 
rallel _ The recoveries of tin obtained by polarography of these solutions are given in Table II. 


Concentration. Ay bay Recovery Recovery of tin 
five of tin, of arsenic, with oxidation omitted, after oxidation, 


OF ‘RESULTS 


‘The the. determination of antimony show that within the concen- 
tration range investigated the correction for the effect of arsenic on the antimony step is ae 
accurate and reproducible. An independent determination of the arsenic concentration is, of > *. 
course, necessary, and this may be made by any convenient method, such as that described 
by Sandell.5 No inv estigation was made of the possible effects of the presence of other ion : 
species on this determination, as we separated the antimony and tin from other constituents 


by co- precipitation on manganese dioxide.*»? The presence of manganese did not affect 
the determination, but it is thought 1 that, in general, the correction procedure would be q 
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Symposium n on Gas | Chromatography 


(Report of a J oint eeting of the Physical Me ethods Group, tcrochemistry 
and the Scottish Section on Friday, May 20th, 1955) ral? 4 
- AsouTt 130 analytical chemists were present at Imperial Chemical Industries’ - Works at 
a Stevenston, Scotland, on Friday, May 20th, 1955, for the Symposium on Gas Chromatography, 
= arranged jointly by the Physical Methods and Microchemistry Groups with the Scottish 
Section. All the visitors were taken on a tour of the Works and Resea = 
ca enjoyed the generous hospitality of I 1.C.1., who provided all necessary transport and meals di 
_ for everyone. A memorable day was concluded with an excellent dinner for fifty in Glenfoot §- 
House, and about twenty other. guests were entertained to dinner in West Kilbride. q 
The Symposium comprised two sessions in the Ardeer Recreation Club. In the morning * 
7 4 the President of the Society, Dr. K. A. Williams, B.Sc., F.R.1.C., A.Inst.P., M.Inst.Pet., 
took the Chair, and the following papers were presented | and discussed: “Gas - Liquid 
: Chromatography,” by A. J. P. Martin, Ph.D., F.R.S., Nobel Laureate; “The Vapour-phase 
_ Chromatographic Analysis of ‘Hydrocarbon Mixtures,” by D. E. - Chalkley, B.A., B.Sc.; 
See ‘Techniques used in a Study of the Boron and Silicon Hydrides,” by A. B. Littlewood, B.A. 
__- During the afternoon the visitors were conducted round the Stevenston Works, careful 
Cad planning by the hosts ensuring that the five parties into which the visitors were divided saw 
| displays of the applications of explosives and demonstrations of gas-chromatographic 
apparatus before being brought together again for the evening session. _ The apparatus used 
by the authors of the papers was ‘demonstrated in the Research Laboratories; instruments 
_ developed by members of I.C.I. research teams and some industrial apparatus exhibited by 
"manufacturers were on view in the Showroom. 
‘Dr. D. Traill, B.Sc., F.T.I., F.R.1.C., Research Manager of I.C.I. Nobel Division, occupied 
; “the Chair for the ev ening session, which included the following papers: ‘ “Adsorption and 
~ = Methods,” by C. S. G. Phillips, M.A.; “A Rapid Chromatographic Method for the 
Determeetion of Bromine- inert Impurities in Ethylene,’ ’ by N. H. Ray, B.Sc., A.R.I.C.; 
““Katharometers as Recorders in | Gas which | was 


> 


— 


3 $3 Sains J. P. Martin gave a general review of the work he and Dr. A. Tr James had 
done since 1950 on gas - liquid chromatography. Although the general idea for this method 
was suggested by Synge and himself in 1941, until 1950 the subject had been entirely neglected. | 
Then James and he studied the separation of fatty acids and amines by the use of automatic 
_ titration apparatus and proved the general usefulness of the method, making simple extensions i. 
of theory to cover the differences between liquid - liquid and liquid - gas chromatography. ee 
In the range of conditions covered by their work, the efficiency of columns four feet in a length 
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raised, the ra ratio of of a given pair ir in a series decreased, ‘80 1 that a 


| 
a . 

| 

— 

— 

— 
q 
— 

— 
| 


_ Except for the first two or three members of a: series, the factor of increase of retention 
— yolume (i.e., the volume of gas passed through the column before the peak emerged) was 
ac constant for each additional >CH, group in the molecule. Hence plotting the logarithm | oe 
_of the retention volume against the number of carbon atoms in compounds of a given series 
led to a straight line. The slope of the line was very similar for a number of very different 
= used as the stationary phase of the column. But the ratio of retention volumes ‘or 
substances possessing different types of groups (e.g., OH, -NH,, >CO and CH,CO-— -) as 
very different for these different phases; it was thus possible, if retention volumes of afew __ 
_ different columns (with different stationary phases) were known, to say much about the “t 
merits of various current methods of detecting vapours in a permanent gas 
briefly discussed and a description was given of the author’s continuously recording gas- 
_ density meter. Several examples of the separation of different classes of substances were te 
- shown. _ In general, samples of a few milligraras sufficed for even very complicated mixtures ; "4 
q few micrograms of single substances could be determined in favourable circumstances. 
There seemed to be no reason why quantitites of up to 10 g of pure substances could not be 
prepared with the resources of a normal laboratory. ot For larger amounts, however , the 
a te time taken for analysis seldom exceeded a few hours and was often only we a 
_ minutes, depending on the difficulty of the separation. Dr. Martin expressed the opinion 
- that the method was destined to replace analytical procedures at present involving fractional 
i distillation at pressures exceeding a few millimetres of mercury, 
_. The method provided perhaps the easiest of all means of studying | the peor eral 
of the interaction of a volatile solute with a ad value 
for this type of data should be very great. 
E. | F. G. HertncTon said that Dr. Martin had referred to relationships and 
that he proposed to discuss one particular thermodynamic method of considering gas chromatography. — 
It was convenient to think of this technique as a form of extractive distillation. _ Expression (1) could 
then be derived by an argument similar to that previously employed for extractive distillation (Herington, — 


Research, 1950, 3, 41), remembering mii most gas- mage eer were carried out with 
a large excess of the immobile rire 


be 
x RT (1 — Ny’). 

1/2303 RT (1 — N ee 


i V; a was the relative retention volume of component 2 divided by th that of component 1, . 
4 i er ° were the vapour pressures of pure components 1 and 2 at the absolute temperature T, 


, was the excess free « energy of n mixing g of the binary 1ining N, mole 
Gy 


component 1 and N,’ mole fraction of 3 at the 
mut 7, Was the excess free energy of oer of the binary mixture containin 2 mole fraction 
of component 2 and N,” of component 3 at the temperature T, and ‘is 


tH a In the derivation of this expression. ‘the vapours were assumed to behave as ideal gases wil the 


to” was used because expression (4) had been employed instead of equation (5). 
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was the partition coefficient for component 1 and was ‘defined as— as 


the partition coefficient for component 2 was similarly defined, and 
r m was the area of the cross-section of the mobile phase divided by the area of the cross-section of 
___ Expression (4) was a good approximation to (5) in practice, because for a good separation it was 
a 
‘The right-hand side of expression (1) contained three terms. The term logio(P1° /Pe°) depended 
i) only on the properties of the pure materials. The term X was solely a property of the binary mixture 1,3 
and was only slightly ‘composition dependent’’ provided that the stationary phase was in staat — 


Similarly, Y depended only on the binary mixture 2,3. tad @ te “y aa 
ated 


a Now for most homologous series it was found empirically | that equation (6) was true— 


a _ where p, was the vapour pressure at _ absolute of a member of the series containing » carbon atoms, 


a en and A and B were constants for a given series and temperature. ag HOE (6) was obeyed best ‘if the 
a first few members of the series were not included. etc 


Nea ; “lh Gas chromatography was usually concerned with conditions i in which component 3 was in large excess. 


aa In these circumstances X was approximately equal to log, y°;3, where y°;,; was the limiting value of 
“J the activity coefficient of component 1 in component 3 as N,->1 and with the pure components as the 
bs i“ standard states. _ There were published values for logioy°1s for a few dilute binary mixtures containing 
= a8, b. members of homologous series, e.g., alcohols in water (Butler, ee A. V., Thomson, D.W., and MacLennon, 
7 3 A J. Chem. Soc., 1933, 674) and pyridine bases in water (Andon, R. J. L., Cox, -. D., and Herington, 


E. F. G. , J. Chem. Soc., 1954, 3188), from which it appeared = the results fitted equation (7H. . oe o 


Beni Here C and D were constants for a given homologous se series in a given ‘aabvent and » was the neue 
_ of carbon atoms in the compound under consideration. This equation, like equation (6), was best obeyed 
if the first few members of the homologous series were not included. 
_ The following conclusions were reached by combining expressions (1), (6) and (7)— ee es, fs 
ie (a)—The plot of log,, V, against » for a given homologous series and stationary phase should 
a : a straight line. Here V, was the retention volume of the compound containing » carbon atoms. 
This plot had been recognised as a useful one for some time (e.g., by James, A. T., and Martin, A. J. P., 
(b)-—Alternatively the plot of log,» V against n given stationary 
"phase should yield a straight line. Here V,, was the relative retention volume obtained by dividing 
the retention volume of the compound containing » carbon atoms by the retention volume of the 
- compound 7 on the same column; r was kept constant for a given plot. . This method of treating 
data had also been employed by A. T. James (Biochem. J., 1952, 52, 242). ee 
mee I (c)—The plot of log,, V,, against logy, p,° should yield a straight line. Here V,, was the retention 


plot of V,,, against 10810 p,° or against logy, (p,°/p,°) should yield straight lines (see 


_ Plots I (c) and I (d) were probably superior to plots I (a) and I (b), provided that accurate » values for 
the vapour pressures of the components were available, 
‘’ Il (a)—To a first approximation, the plot of Fue against V,,,; should yield a straight line where 
7 ms Vax Was the relative retention volume of component » with respect to component 7 in solvent I 
i be and V,,; was the relative retention volume of component with respect to component r in solvent II. 
(> i Component y was kept constant for a given plot, but component ry might not belong to the same 
: _ homologous series as component ». The components n, » + 1, m + 2, etc., must belong to the 
by same homologous series. These plots had frequently been used since A. T. James (Biochem. J., 1952, 


_ from this treatment that, if » and ry belonged to the same homologous series (e.g., if both were straight- 
_ chain amines), then the slope of the plot of Vue against V,,., should be approximately unity. As 
examples of this behaviour might be quoted the straight line produced for primary straight-chain 
_— amines by using relative retention volumes with respect to ethylamine (James, A. T., Biochem. J., 
ey (1952, 52, 242) and the straight line produced for aliphatics by using relative retention volumes with 
respect to m-pentane (James, A. T., Research, 1955, 8, 8). 
()—Toa second approximation the plot of logy) against logio Should give a 
line, where Veer and V7 were as defined in II (a) above. & This method of plotting was in every 
preferable to that given in II (a), for not only did it employ a better approximation but the 
PR» mp: for successive members of a homologous series were nearly equally spaced along aline. This 
was a direct the conditions gives | by and 


_ _ volume of the pure component, which had a vapour pressure of #,° at the temperature considered. 


I (6) above for definition of V,,). 


a 52, 242) had reported linear relationships for amines in liquid paraffin and Lubrol MO. It followed | 
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5 
SYMPOSIUM ON GAS CHROMATOG RAPHY 
Finally | the ease of separation of two components could be considered by means of expression (1). ; 
If components 1 and 2 belonged to different chemical classes, then it was usually possible to choose an — ies 
immobile phase (third component) such that |X — adil | was not small. Hence, if 1 and 2 were of different — 
chemical classes, it was usually fairly easy to separate them even if log,» (~,°/,°) was numerically — r 
é. ., if 1 and 2 had nearly the same boiling point). For example, it was easy to separate benzene (b.p. aa. 
801°C) from cyclohexane (b.p. 80-8°C). Separation would, however, be difficult if log,, (P1°/P2°) 
_ small and if at the same time a solvent could not be found that made |X — Y |large. These circu mstances 


" _ would be expected to arise when components | and 2 were close-boiling isomers of very similar structures. a 
"7 « a Pairs of this type were m- and p-xylene (b.p. 139-1° C and 138-3° C, respectively), also B- and y-picoline 


(bp. 144-1°C and 145-4° C, respectively). In connection with these bases it might be noted that 2:6- oy 
_ lutidine (b.p. 144 0° C) could readily be separated from B- or y-picoline by gas chromatography. This was _ 
‘fee because the additional >CH, group in the lutidine made it easy to find immobile phases 


~ for which |X — Y | was large enough to enable separation to be achieved. ae ae 


a The study of higher-boiling mixtures by gas chromatography would probably reveal many more 

of close-boiling isomers of similar structure that were difficult to separate. ite; 
Oy. > Mr. G. A. VauGHAN said that they were interested in the separation of the benzene homologues —_— a 

soni he would like to refer, in this connection, to Dr. Martin’s remarks on the increase of the separation facto — 

if the with decrease of temperature. They had recently calculated the separation factor between the close- == 
a "boiling isomers m- and p-xylene and had found it to be 1-021 at 140° C and 1-035 at 60°C. This implied om 7 
— C that to separate these by three standard deviations a column efficiency of 20,800 plates would be needed. ee ‘i 
a. an at 140° C and only 7600 at 60°C. Hence, with their normal column of 1600 plates, a partial separation —__ } 


of 1-40 standard deviations would be expected at 60° C. _ This had been confirmed in practice when a separa- _ cee ; 


ote. - tion of 1:38 standard deviations had” been obtained, a change on the recorder trace from a single peak 


igton, ae, * Mr. E. R. ADLARD asked Dr. Martin if he had yet proved that the gas-density balance gave a linear 
for a binary mixture from 0 to 100 per cent. range of concentration. Re 
As (7) * 4 Dr. Martin replied that he had not made accurate measurements, but the response was linear within 
amber § the accuracy of measurement. No doubt it was more linear at lower density differences. = ak * 


W. » asked what effect of drop across the column would on 

= Dr. MarrtIN replied that changes in pressure drop across the column affected the efficiency sitietie e) 


because of the change of rate of flow. With their conditions increase of pressure drop decreased efficiency. _ 
(Increasing total pressure at both ends would result in reducing efficiency, but it would not be a very 
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Mr. D. E. CHaLKLey said that vapour-phase chromatography was a method well suited 2 
to the analysis of complex hydrocarbon mixtures, either on its own or in conjunction with 
other physical methods such as infra-red and mass spectrometry. Techniques had been ; 
developed for the analysis of hydrocarbons ranging from methane (b.p. -—161-5° C) to tri- a 
isopropylbenzene (b.p. 240° C). He gave examples of their application both in the laboratory a 
and ~ process monitoring of plant streams. ee 


iouid oe had been recorded to illustrate the separations possible when different a 
of solubility forces were brought into play, | 
Finally, various aspects of the accurate quantitative analysis of hydrocarbon mixtures _ 
had been investigated by using a thermal-conductivity cell as a detector and hydrogen asa 
carrier gas. Results were compared with those by the mass spectrometer and some : comparisons — 


aight- 

made of the accuracy and sensitivity of the two methods. 

s with USED IN A STUDY OF AND SILICON HYDRIDES 
Mr. A. B. LittLEwoop outlined the more important properties of the boron uf 
— and silicon hydrides, and the methods used for their preparation and manipulation. The 


apparatus that was used for their separation and anal; ysis by gas was 
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of fractions from the chromatographic columns, in particular by effusiometry and pyrolysis. 
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GAS (CHROMATOGRAPEY. 


“se FREEDMAN ‘ asked 1 whether the author k Pan the thermal-conductivity ce cell | sufficiently sensitive 
a Mr. LittLewoop replied that, so far as the work had gone, it was sufficiently sensitive. _ There was 
no guarantee, however, that there were not further hydrides present in the chromatogram that were un- 
7 AL _ detected by the cell. In order to look for such compounds, a more sensitive detector would be useful. 
i” > Although the sensitivity of the cell could be raised by increasing the operating temperature of the wire, 


it was not possible to do this injthe work describedjhere b of the of the 


Mr. C.S.G. PuILurs gave a brief outline of work in his both 
og: ae and adsorption methods were used. Some details of apparatus were given and the use 
7 of glass thermal-conductivity cells and of the surface-potential detector was discussed. § 
> Results obtained with partition chromatography were used to illustrate the value of 
~, fully corrected retention volumes, both as a basis for an absolute scheme of analysis and 
aa ’ ie The paper was concluded with a general review of published work on adsorption gas 


_ chromatography (including both elution and dees techniques) and a comparison 


was as follows: a measured sample of the gas (25 or 50 ml) was carried in a current of pure | - 


- earbon dioxide through a column, which was in two parts: the first was packed with a solid § — 
absorbent consisting of charcoal impregnated with bromine, which absorbed the ethylene § Pp 
q 

ake section of the yor sen packed wi vith activated charcoal, where they were separated. — ™ 
- The issuing gases were collected in a micro-nitrometer over potassium hydroxide solution § 4 
and appeared in two or more — fractions, with a sufficient interval between them to® rr 


* This j Paper was was published in in full in in The Analyst, 1066, 80, 853. et 
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—— onsisted of ethane only, 
_ carbon monoxide and methane present in the sample, the lete determination 
any higher paraffins appeared in subsequent fractions. The comp 
occupied only 15 to 20 minutes. and the smallest detectable concentration of any y 


De. M. M. W — - said that t they had been a carrying. out the same type of analysis and had also used 
-‘Janak’ s method for measuring individual components of the mixture. _ How ever, they simply packed their ae 
nces | chromatographic column with silica gel. The impurities to be measured, namely hydrogen, methane and 
_ § ethane, all had lower retention volumes than ethylene, and therefore the large ethylene peak did not 
q interfere with an accurate measurement of the impurities. They used a modified nitrometer as shown in 


+3 th bubbl 
T 
Discussion ON KATHAROMETERS AS RECORDERS IN Gs Gas CHROMATOGRAPHY 


e of Dr. the saying 1g that his exper experience with katharometers 
i "was restricted to the metal-encased instruments, which they had found to operate very satis-_ 
____ § factorily; but such instruments could not be used where materials that had corrosive effects. 
.84S § on the metal parts had to be detected, as in Mr. A. F. Williams’s work. But whether the il 
ison — were housed in metal or in glass, the problems remained much the same, although the — 

The ideal katharometer was designed to measure only the in concentration 
nr be 2 a vapour in the gas passing through it; in practice fluctuations in the operating conditions 
. would also produce a signal, which would manifest itself in either a “zero drift” or a wobble a? 


fi 7 of the baseline. It was the task of the designer to construct an instrument in which these = 
il eats could be kept below a certain level, and the task of the user was to operate the =. 
“ple | instrument so that they remained below the ‘desirable or detectable level. _ This level varied ae 


> | from one worker to another. Most of the undesired effects must be ascribed to the fact 
- that in the cells heat was not only transported by conduction from the heated wire to the 
_ walls of the cell, but also by radiation, forced convection and conduction through the ends — 
of the heated wire. With two completely identical cells, both operated under exactly the 
same conditions, the above-mentioned factors would produce no effect on the e.m.f. of the — 
bridge of which the katharometer was a part. If one realised that generally the recorder a 
- deflections in actual vapour-phase chromatographic measurements were caused by a = 4 
| in temperature of one of the heated wires by between 1° C and 0-001° C, it became evident — 4 
that fluctuations in the operating conditions might produce considerable effects. 
a _ Before proceeding to discuss the Amsterdam design, he described their requirements. ids ‘ne 
Gas chromatography was from the start considered to be an eminently suitable method for 7 
routine analysis. One of the problems was that, particularly for remote refineries in the * Th ; 


Shell Group, an apparatus had to be designed that could be operated by personnel of very — 
limited skill, which implied that a perfect baseline was essential. _ They had found that this 
could be achieved with an instrument consisting of a copper block in which two narrow parallel 
holes had been drilled, in the centre of which the platinum wires were suspended by — 
of leaf springs. "Electrical leads through the block were made with glass seals. Bor ith re 
instrument thermostatic control to within +0-1° C at temperatures up to 100° C and +0-2° C 


for temperatures between 100° and 200° C was necessary. For a heating current of 200 aa 
_ _ constancy to within +1 mA was required. This could be attained by using good storage 
| batteries and periodic - re-adjustment of the heating current by comparison with a standard- | 
“cell circuit. The gas flow during an analysis had to be kept constant to within + 20 ml 
od hour at any flow rate, and this was easily accomplished with commercially available 

— eo and control of the inlet and outlet pressures. In yore the katharo- ' 


to the IVth ‘Wo rld Petroleum Die: 


A. F. Wittams said that Dr. Keulemans had made considerable progress in his. 
work on katharometers and had cleared up many of the et oon that had been worrying them. 


In their particular investigations the 


4 = was 0-01 per cent. in a 50-ml sample. Sufficient bromine-impregnated charcoal could b pa: 
_. §— accommodated in the column to last for about 30 analyses, and this reagent could be safel ee re 
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_ SYMPOSIUM ON GAS CHROMATOGRAPHY 


for their fabrication had The katharometer 

formed part of a single unit with the chromatograph tube, the whole being heated by vapour 
in a metal jacket after the manner employed by James and Martin. Tw 

_ There were many factors that Seemed to influence the stability of the : system when they 

wei working at high sensitivities. Experience had shown that above a certain temperature f 
the katharometer might become unstable, and this temperature decreased as the sensitivity 

3 was” increased and as the pressure on the outlet of the column was decreased. = 3 

Stability was also affected by the rate of return of reflux from the jacket to the boiler; } 

this factor was related to the geometry of the apparatus. bedi 

____- The problem of “drift” of the zero shown on the recorder, which appeared to be associated 
with effect of temperature on components of the was under investigation. 


a very anieaney: baseline below, say, 120 mA, and instability (wobble) at 150 mA. This 


“might very | well be ascribed to | the difference in thermal- -expansion coefficient between glass F _ a 


_ and platinum, as a consequence of which the heated wire was under insufficient tension at 
- high temperatures, which would make the instrument very sensitive to vibration. With) | 
_ the metal katharometers the effect was just reversed, because platinum had the lower }- 


coefficient of expansion. One might get the impression that good results with vapour-phase a 


chromatography could only be obtained with a perfect katharometer. In his view the glass } 
instruments, which were cheap and fairly easy to construct, as might be seen from the : 

a = developed by Phillips and by Williams, would contribute much more to the 
development of this ingeneous chromatographic method than the expensive, more perfect 

_ instrument. The latter, however, was necessary for quantitative analysis on routine basis. 


a Mr. D. Harv EY said that when using glass thermal-conductivity cells operating at around | 
240° C they found that good stability was not obtained unless the wires leading from the cells 
& protected from convection currents. ‘Sufficient protection was afforded by a covering 
a.) The body temperature of conductivity cells was important in qualitative as well as in 
quantitative work. For instance, they had found that, whereas the thermal conductivity 
of methanol vapour was lower than that of nitrogen at 20°C, at'100°C the reverse was 
_ true, and at some intermediate temperature they were equal. Similar changes had been 
A “noticed with other compounds, such as phenols and the lower aliphatic a 
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‘Jan., 1956), RECOMMENDED METHODS FOR THE ANALYSIS | OF TRADE -EFFLUENTS 


nalysis. of 


Recommended “Methods the 
‘PREPARED BY ‘THE JOINT A.B.C.M. - S.A.C._ COMMITTEE ON 


most instances, determination of the metallic constituents 
_ destruction of the organic matter by oxidation with nitric and sulphuric acids. 
_ Certain metals, however, Tequire special treatment, which is described ir in the appro- 


APPARATUS— 
i is shown in Fig. 
Distilled water—To be distilled from glass 
Ammonium oxalate solution, saturated. y 


Into the 250-ml flask of the apparatus s in Fig. 
z "put a volume of the well mixed sample, the volume being of a — 
ie suitable size for the particul ar determination or determinations. | 
 Acidify the sample with nitric acid, using about 5 ml in 
—% _ Assemble the apparatus and evaporate the mixture 
| toa volume of 5 to 10 ml. Add 2 to 3 ml of sulphuric acid )~ if 
continue heating the solution until copious white fumes 
of sulphur trioxide are evolved. If the solution contains © are 
charred organic matter or shows any brown discoloration, oo. 1. Apparatus. for 7 
wet oxidation of the 
carefully add 2 ml of nitric acid and again heat to fuming. ‘sample 
necessary, repeat the treatment with nitric acid until all 
matter is destroyed and the solution becomes colourless. To the 
- solution carefully add 10 ml of saturated ammonium oxalate solution, mix, and 
_ When carrying out the above operations, take care to avoid any sucking back 


Cool the residue and add 10 ml of : water. Allow any matter 
_ to settle and then filter the liquid, receiving the filtrate in a 100-ml calibrated flask 

and retaining as much of the sediment as possible in the original reaction flask. 
_ Add 1 ml of hydrochloric acid to the residue in the flask, heat the solution gently, a, = 
- add 5 ml of hot distilled water and pass the liquid through the filter. Repeat the 

operation a second time, finally washing the flask and filter with hot distilled water. | 

Cool the combined filtrates and dilute the solution to the mark with distilled water. 

un Recias a blank solution in a similar manner, but without the effluent sample. 
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methods are for the of arsenic, the 


method and the hypophosphite method. It was decided to omit the molybdenum-- 
blue method, since sufficient general experience has not yet been obtained in this q 


— 


arsenic contents up up to 10 iy ; 


wide bottle capable of 120 ml is fitted with a rubber 
bung through which passes a glass tube. The latter, made from ordinary glass . 
- _ tubing, has a total length of 200 mm and an internal diameter of exactly 65mm _ 
a Ps _ (external diameter about 8mm). It is drawn out at one end to a diameter of about | 


_1mm and a hole not less than 2 mm in diameter is blown in the side of the tube 7 

"near the constricted part. When the bung is inserted in the bottle containing 70 ml _ 

a. liquid, the constricted end of the tube is above the surface of the liquid and the q 
a in the side i is below the bottom of the bung. The upper end of the tube is cut — 

off square, and is either slightly flame-polished or ground smooth. 
= 7 a rubber bungs (about 25 x 25 mm), each with a hole central and true 
and exactly 6-5 mm in diameter, are fitted with a rubber band or spring clip for — 
holding them tightly together. Alternatively, the two bungs may be replaced by 

any suitable contrivance ce satisfying the conditions described under “Procedure.” 


—The reagents must be selected so as t - be free from arsenic. Such rea reagents 
Stannous chloride solution—Dilute 60 ml of hydrochloric acid with 20 ml of 
distilled water. Add 20g of tin, heat gently until the evolution of gas ceases and — 
dilute to 100 ml, allowing the undissolved tin to remain in the solution. _ Add fl 
equal volume of hydrochloric acid. Evaporate the solution to the original volume 
of 100 ml and filter it through a fine-grained filter-paper. 
_ Stannated hydrochloric acid—Mix 1 ml of stannous chloride solution with 100 ml 
Zinc, granulated (special quality. for Gutzeit test ith 
Standard arsenic solution A—Dissolve 0-132 “4 arsenious oxide 100 mg g of 
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je, 1956) "RECOMMENDED METHODS FOR THE TRADE 


 Mercuric chloride paper—Smooth white filter- -paper, ‘not less than 25mm i in 
width, soaked in a saturated solution of mercuric chloride in distilled water, pressed — ate 
_ to remove superfluous solution, and dried at about 60°C in the dark. The grade ee ae 
of the filter- i shall be such that the weight in g per sq. metre shall be vo at 


Nots—Store the paper in a that are available 


mercially have been found to prodece results than those prepared 


a 
1 Fat Pack the glass tube of the apparatus lightly with | cotton- wok that has been “: 

_ previously moistened with a solution of lead acetate and dried, so that the upper ia 
a surface of the cotton-wool is not less than 25 mm below the top of the tube. Insert 


the upper end of the tube into the narrow end of one of the pair of rubber bungs, 
either to a depth of about 10mm when the tube has a flame-polished end, or so | 
ar, that the ground end of the tube is flush with the larger end of the bung. Place a be 
Ly piece of mercuric chloride paper flat on the top of the bung, place the other bung pos. 
i, over it and secure the two by means of a rubber band or spring clip in such a manner — ae 
2. that the bores of the two | -bungs meet to form a true bore, 6-5 mm in diameter, cm 
_ interrupted by the diaphragmt of mercuric chloride paper. This method of attaching am 
a the mercuric chloride paper may be replaced by any other method, provided that— _ aa 
(@) the whole of the evolved gases pass through the paper, 
the portion of the paper in contact with gas is a circle 6-5 mm in 1 diameter, 
(c) the paper is protected from sunlight 
Transfer an aliquot (preferably containing about 5 pg of arsenic) of the acid _ 
S solution, prepared as described under ‘‘Destruction of Organic Matter,” to the wide- _ 
a ia mouthed bottle and dilute it to 50 ml. Add 10 ml of stannated hydrochloric acid, : 
j 1 g of potassium iodide and, finally, 10 g of granulated zinc. Immediately place the : 
. prepared glass tube in position. Allow the reaction to proceed for 40 minutes at a 
temperature not exceeding 40° C; adjust the temperature to obtain a regular, but io 
Compare the yellow stain produced on the mercuric . chloride paper ‘with a series 
standard stains produced as described below. 
standard stains should be prepared at the same time as the test stain. 
_ Carry out the procedure on the same volume of the blank solution referred to a 
under “Destruction of ‘Organic Matter.” This stain should be negligible. 
Six sets of apparatus are  requained for the preparation n of the standard stains. 
| Charge each tube with cotton-wool, previously moistened with a solution of oi 
acetate and dried, and fix a piece of mercuric chloride paper as described a 
: “Procedure.” “Into the wide- mouthed bottles measure quantities of dilute standard 
_ arsenic solution B varying from 0 to 1m! in steps of 0-2 ml. Dilute the contents _ 
of each bottle to 50 ml, add 10 ml of stannated hydrochloric acid, 1 g of F contents 
iodide and 10g of granulated zinc, and immediately place the prepared glass tube 


al in os Allow the reaction to proceed as described under “Procedure. 
of ‘The a arsenic present is reduced to elementary arsenic. . This is separated ae 


For arsenic contents of 0-4 to 100 mg. 
Notz—For arsenic contents less than 0-4 mg and greater 10 the should 
diluted and the Gutzeit method 
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dion arsenite me le 0-1 N—Weigh 4-9455 g of arsenious oxide, previously 
dtd at 105°C. Dissolve this in a solution of sodium hydroxide (2-5 g of sodium 
_ hydroxide pellets dissolved in about 50 ml of distilled water), with gentle warming. — 
Cool the solution, add 66 ml of N hydrochloric acid and then 10 g of sodium bicar- __ 

bonate. ~ Transfer the oi to a 1-litre calibrated flask and dilute to the mark 


5 


Iodine solution, 0-1 N. 
Ammonium chloride solution, 5 per cent. w/v. te be 
Filtering about twenty 1l-cm filter-papers (Whatman No. 40) 
— in 400 ml of distilled water containing 4 ml of hydrochloric acid and 20 ml of saturated 
ae bromine water on a water bath for about 4 hours. Store the pulped material in “=. 
glass-stoppered bottle. When preparing the filter- -pad, wash it thoroughly with 
Transfer a suitable aliquot of the acid solution, prepared under 


; Destruction of Organic Matter,’’ to a conical flask and dilute it to 75 ml with distilled ; 


- 


weak 


water. Add 75 ml of hydrochloric acid and 4 g of sodium hypophosphite. Heat the 
” - solution for 5 minutes, but do not allow the temperature to rise above 50°C. Adda 
_ further 10 g of sodium hypophosphite, and close the mouth of the flask with a cork 
carrying a length of glass tubing, approximately 80cm long and 0-5 cm 
diameter, to act as a reflux condenser. Bring the solution to boiling point and boil _ 
gently for 15 minutes. — Cool and collect the precipitated arsenic on a pad of the 
‘Previously prepared filter-pulp. If large amounts of arsenic are present, it is advisable 
% mix a little of the washed filter-pulp with the precipitate in the conical flask before 

_ filtering, in order to keep the precipitate in a finely divided condition, so that it will — 
_ readily dissolve in the iodine solution used for the titration. Wash the precipitate ; 
on the filter-pad with an acid solution of sodium hypophosphite, prepared by adding 
2g of sodium hypophosphite to 100 ml of a solution of diluted hydrochloric acid 
(1+ 3). Finally wash the precipitate with ammonium chloride solution to remove | 
sodium hypophosphite. 
Transfer the precipitate and paper pulp toa 16- wide-mouthed glass-stoppered 


ee containing about 50 ml of distilled water. Disintegrate the precipitate and © 
paper pulp, and add 2 g of potassium iodide and 2 g of sodium bicarbonate. Then 
add 0- 1N iodine solution (or 0- ‘Ol N, the particular strength — of iodine solution to | 


arsenic and to give about 10 mlinexcess. Shake the contents of the bottle ice 
to dissolve the arsenic. Remove the stopper, rinsing it with distilled water, and 
4 immediately titrate the excess of iodine with either 0-1 N or 0-01 N sodium arsenite — 
a solution, according to the concentration of the iodine solution used. The end-point, 
Volume (ml) of 0-1 N iodine solution x 0- 


Volume (mi) of 0-1 JV lodine solution x U-OUL49 x 10 
Volume of original sample 


Haslam, and Wilkinson, N. N. T., Analyst, (1953, 78, 390. 
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FOR THE ANALYSIS OF TRADE EFFLUENTS eee 


as its diethyldithiocarbamate and then determined d colorimetrically. 


The > method is of wide applicability, although | bismuth 


Nore—W ater distilled tr from glass apparatus be thoughout. 


Sodium diethyldithiocarbamate solution—Dissolve 1 of ‘sodium diethyl di- 
in 100 ml of water and filter the solution. 
EDTA - citrate solution—Dissolve 20 g of ammonium citrate and 5 g of disodium 
_ ethylenediaminetetra- -acetate (EDTA) in water and dilute to 100 ml with water. — nat 
Standard copper solution—Dissolve 0-200 g of pure copper wire in 15 ml e 
diluted nitric acid (1 +4), boil to expel fumes, cool and to ml wi 


Cresol red indicator 04 per ¢ cer 
Carbon tetrachloride, 


Destruction of Organic Matter” and containing not more than 50 pg of copper, — 
to a separating funnel. Add 10 ml of EDTA - citrate solution and 2 drops of cresol — 
a red indicator solution. Add ammonium hydroxide until the solution is purple - red, 
@ cool and add 1 ml of sodium diethyldithiocarbamate solution. Add 10 ml of carbon — 
_ tetrachloride and shake the funnel for 2 minutes. Allow the layers to separate; ane 
then remove the lower layer and filter it through a dry filter-paper into a 25-ml 
calibrated flask. Extract the aqueous layer with further 5-ml portions of carbon | : 


— 


tetrachloride until no further colour is extracted. Filter the extracts as before 
through the same filter-paper and dilute to the mark with carbon tetrachloride. ; 
& Measure the optical density in a spectrophotometer or an absorptiometer, using a My 
_ wavelength of 4320 a in a spectrophotometer, or a suitable blue filter if an absorptio- — E* 
meter is used. Read the number of micrograms of copper equivalent to the observed — 
optical density of the test and blank solutions from a previously prepared 
_ graph, and so obtain the net measure of copper in the sample. Wit 
To 50 of glass-distilled water ml of sulphuric add 
appropriate « amounts of standard copper solution to cover the range 5 to 50 
and proceed as described above. Construct a graph relating optical densities 


Bismuth is also extracted by the carbamate reagent under the conditions 


* 


_ described above. If bismuth is present, the determination should be repeated, — 
potassium cyanide solution added before the sodium 
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METHOD | FOR THE DETERMINATION OF AMMONIA of 
‘ In his method for the determination of ammonia in natural waters, Riley! makes use of the blue ; by! 
colour produced by the sodium phenoxide - sodium hypochlorite reaction with the ammonia, | Pro 
To the test solution are added sodium phenoxide solution (phenol + sodium hydroxide), sodium f- 
hypochlorite solution and manganese sulphate i in that order. After dilution to: 25 ml with distilled } 
water and mixing, the solution is heated to’ 70° C for 45 minutes. The solution is ‘then: | cooled reag 
and the absorbancy is measured at 625 m » after standing for a further 10 minutes. Beer’s law f o 
is followed for amounts up to about 50 yg, but the curve is reproducible up to 150 yg. a rs 
. During routine checking of the absorptiometric procedure on aqueous ammonium chlori Cak 
solutions, with the Spekker absorptiometer, Calorex H503 heat filters and Ilford No. 607 filters, f a 
it was noted that wide variations occurred between successive calibration curves. Factors (i.¢., thi 
_ micrograms of nitrogen equivalent to unit absorbancy) ranging from 61 to 75 were obtained over>  __ 
a period of a week for a volume of 25 ml and a 2-cm cell. As the sodium phenoxide had to be 0} 
- renewed at least every 2 days because of darkening, so necessitating re-calibration, this was a oy: 
_ hindrance to the usefulness of the method. It was found that, if a stock solution of' phenol in f pe 


Pa a of 6 Pn § the sodium phenoxide being freshly made up each ag . In a second test the 
_-- Tange was 53-6 to 56-2 over a period of 10 days. Further solutions gave factors of 54-7 and 55:2 


_ when freshly prepared and 55-0 after storage in the refrigerator for 9 a a 


_ Apart from the improved method of preparing the sodium phenoxide, which should reduce es ' 
the necessity for frequent re-calibration, there appeared also to be some gain in sensitivity, which _ 
_ resulted from the introduction of the industrial methylated spirit. _ This was confirmed by KA 

_ comparing the net absorbancy due to 30 yg of nitrogen (as ammonium chloride) with and without = 
_ the addition of industrial methylated spirit. . These 1 were 0-50 for the aqueous sodium phenoxide ie 
: - compared with 0-56 for another aliquot of the same sodium phenoxide to which 0-4 ml of industrial i 
Further tests indicated that greater eulincenieuit! of the blue colour was obtained if iso- & de 

Ps ‘ propanol, n-butanol or acetone were used in place of industrial methylated spirit, but that some ‘ie 
_ diminution occurred with methanol. Of these substances acetone stood out as exceptional. ade 
_ Not only did it give the greatest abeotbancy, but the blue colour developed rapidly in the cold of 
and reached its maximum absorbancy after 20 minutes at room temperature. Heating to 70°C in 

_ for 45 minutes, as specified in Riley’s method, caused fading, although the colour could be largely pa 

* regenerated by shaking the solution. _ The optimum amount of acetone was between 0-08 and ie 
-20 ml, ‘the absorbancy, being reduced if amounts outside this range were used. pee 
The rapidity with which the colour developed suggested that the addition of manganese th 

- sulphate as a catalyst might be unnecessary. Calibrations of the Spekker absorptiometer were f tit 

5 _ carried out with and without manganese sulphate but including 0-15 ml of acetone, and the results of 
Table I show that the manganese may omitted. volume of solution wasp 

25 ml and 2-cm cells were used. ae 
CALIBRATION FIGURES WITH AND WITHOUT MANGANESE SULPHATE R 

_Absorbancy with manganese sulphate 108 230 345 -460 0-580 

a Further calibration eameienaite | that the curves are linear up to at least 80 ug off 


te for a volume of 25 ml and a l-cm cell and up to 200 ug for a volume of 50 ml and a 1-cm 


| 
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relatively small quantities of phenol were weighed. Both stock solutions were stored in the 
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phenoxide reagent—Dissolve 62-5 g of in industrial 
Cothylated spirit, add 18-5 ml of acetone and dilute to 100 mi with industrial methylated spirit. ons 
Dissolve 27 g of sodium hydroxide in ‘distilled | water and dilute e to 100 ml with distilled w ate 
Store the solutions | in the refrigerator. . The sodium phenoxide : reagent is prepared as — 
by mixing 20-ml portions of the above solutions and diluting to 100ml with water. cate s 


Dil Dilute ‘the test solution to 10 ml 1 with distilled water and add Pn of pore a 


reagent. After mixing, add 3 ml of sodium hypochlorite | solution (0-9 per cent. of available — 
chlorine). _ Mix and dilute to (25 ml with distilled water. Mix the solution and set aside for ae 
| 20 minutes at room temperature. Measure the absorbancy on the Spekker absorptiometer, using a ia 
loriés Calorex H503 heat filters, Ilford No, 607 filters and a 2-cm cell. | _ Carry out a blank determination | i. 


: the reagents, substituting 10 ml of distilled water for the test sol ee ee 


oul authors thank the the Managing Department of of Atomic 


ublish this Note. 
nol in Riley, J. P., Anal. Chim. Acta, 1953, 9, 575. 
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st the TITRIMETRIC ‘DETERMINATION OF CADMIUM WITH 


d 55:2 POTASSIUM FERR 


—_ THE semi- “micro technique of Frost! for zinc, as described b by Milton and ‘Waters! tis involves the use 
i edvecktotic acid and titrated at boiling temperature. It was found that under these conditions 
ithout the colour development of the indicator was not wholly reliable and that there was a tendency 
® | to interference, owing to the formation of ferric ferrocyanide in the hot solution. — Experiments 
trial § showed that the chloride buffer could be replaced either by ammonium suiphate - sulphuric aci 7 

um | or by ammonium acetate - acetic acid. The colour was then obtained with great clarity and the 

if aw | titration could be performed at room temperature. _ Frost? and Milton and Waters® state that 


addition of ferricyanide should be made after commencing the titration and I found that the 


noxide 


Some 


somal results were best when this addition was delayed until just before the end-point, the indicator being 


added after the ferricyanide. I was then able to apply the method successfully to the Gvernitied os 
| of cadmium. Belcher, Nutten and Stephen? describe 3:3’-dimethylnaphthidine as an internal = 
indicator in this titration and note the high stability of this compound and the sharpness of the r ve 
end-point. _ The findings of Belcher ef al. were confirmed, but o-dianisidine was iound to give 
an extremely vivid vermilion colour in the acetate- buffered solution and, although use of acetic 
acid enhanced the colour and end-point of the 3 : 3’- -dimethylnaphthidine, o-dianisidine was never- — 
theless preferred. Difficulty due to the false end- -point, noted by Richardson ; and Bryson‘ in the = 
titration of zinc, was not encountered. — Stirring w was found to be a very important factor and | use 


ee The following description refers throughout to the ‘deieeusliaativin of cadmium, but is equally 
0-Dianisidine in indicator—Dissolve 0-1 1 o- o-dianisidine i in n 25 of 25 per c cent. whe 
acid and to 100 ml Ww owe water. 
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Potassium ferricyanide—A 2 per cent. w/v aqueous solution prepared from the AnalaR 


‘PrRocEDURE— 

‘The sample, as ‘should be. in 30 to 50 ml of solution. “Add 


10g of. ammonium acetate and 10 ml of glacial acetic acid, the solution being well stirred. Use 
= a semi-micro burette for the titration, stirring the sample vigorously the whole time. After 
: 0 -5 ml of titrant has been added a precipitate forms. Add two drops of ferricyanide solution, 
¥ and then 10 drops of indicator. The vivid orange-red colour develops very rapidly and the 
titration should be continued to the pale green end- point. Perform a duplicate titration, this 
time delaying the addition of ferricyanide and indicator until 0- sone — - end-point previously 


4 


Ss A solution ‘ine prepared from AnalaR cadmium sulphate, 3CdSO, 8H 20, to contain 2-00 mg 
of cadmium per ml. ‘figure was confirmed by ‘gravimetric “analysis, 8-hydr droxyquinoline 
oe being used, and also by passage of aliquots through an ion- exchange column containing Zeo- 
Karb 225 in the hydrogen form. The effluent acid was titrated and the results by the two methods 
_ agreed to within 0-001 g per litre. _ This solution was used to standardise the potassium ferro- 
cyanide solution and to prepare samples that were analysed by three different operators with 
. Cadmium present, . 20-0 10-0 100 21-0 21-0 120 «120 § 
mg 40-0 39-5 20-0 1 10:0 21-0 21-0 11-9 12-0 | dec 
Cadmium found < Operator B, mg 19-8 21:0 
(Operator C, mg . 20- 20-0 10-0 «21-0 21-0 Kn 
_ _ With one exception nm positive errors were found, but negative errors up to 1-6 per cent. as 


asi 


j Any s tending to ferrocya anide complexes xes should be absent, particularly ‘copper gre 
and iron, also reducing agents, oxidising agents, nitrites and phosphates. — % Chloride and nitrate cos 


_ _ Under the conditions of these experiments quantities greater than n 40 mg may give difficulty | 
Owing to the quantity of precipitate, and it is preferable to take an aliquot of the solution and « 
; - dilute. The colour change is fully reversible at the end-point and, if this point is accidentally s 
_ passed, the original orange-red colour may be restored by adding a small measured quantity * — 
of standard cadmium solution. Titrations should always be performed under exactly the same 
conditions used to standardise the ferrocyanide solution; for example, the same buffer should 
- be used throughout. T he ferrocyanide and ferricyanide solutions are somewhat unstable and 
_ ,should not be used more than 7 days. after preparation or if their colour alters or sedimentation 
occurs. — The sample to be titrated should not be set aside for more than 10 minutes after buffering 


_B _ The complete determination may be carried out in a few minutes and requires no i 

: 5 Se author expresses thanks to the Permutit Co. Ltd. for permission to publish this ne 
and also to Dr. R. F. Milton for his kind encouragement and advice. is evel, Stein 


Milton, R. F., and Waters, W. A “Methods of Quantitative Micro ‘Analysis,”” Edward 


_ Belcher, R., Nutten, A. J. , and Stephen, W. I., J. Chem. Soc., 1951, 3444. 


Richardson, M..R., and Bryson, A., 1953, 78, 291. 
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icaiee with the use of acetic seid and determining the excess of periodate with arsenite instead rT se 
, this § of with sodium thiosulphate to increase the accuracy of the titration . Another modification 4 
ously § introduced by Kruty et al. is the determination of glycerol with an aqueous solution of periodic — 
acid without separating the aqueous and chloroform layers, 
ty _— However, in the absence of acetic acid the oxidation of monoglycerides by periodate must 
0 mg be carried out at elevated temperatures, which might occasionally lead to undesirable side-reactions. 
:oline ‘Further, the solution of periodic acid in methanol employed by Kruty ef al. is unstable and a 
Zeo- ‘disadvantage common to most methods referred to arises from the use of periodic acid, hegre is” 


ferro- “acetic acid i is retained, but periodic acid is replaced by potassium periodate available commercially ee am 
with | in a high degree of purity. The - oxidising reagent consists of potassium periodate dissolved in Kt : 
aa -asmall amount of 10 N sulphuric acid and diluted with acetic acid. _ A mixture of pyridine and ae 


120 acetic acid is added to the chloroform used for dissolving monoglycerides, so preventing their 1c 4 

12-0 decomposition by sulphuric acid and ensuring solution of uncombined glycerol. An aqueous 
11-8 § solution of  seneoeetl is used for determining glycerol in the manner suggested by 


Potassium in sulphuric acid acetic acid mixture—Dissolve 2 2-8 of analytical-reagent 
grade potassium periodate with gentle va 


sae concentrated sulphuric acid > 3 volumes of water). - When the solution is cold, add 975 ml of | 
4 glacial acetic acid. Store in a glass-stoppered brown bottle. 
~— Potassium periodate solution—Dissolve 3-5 g of analytical- reagent grade potassium periodate 


with warming in 1 litre of water. ‘Store in a glass- ‘stoppered brown bottle. 

Solvent for ‘monoglycerides and blanks—Add 40 ml of pyridine - acetic acid mixture 


ntally 
antity 
same 


should thiosulphate, 1 solution, accurately s standardised. 2 
e and iodide solution, approximately N. 
tation 


ffering 


which must be approximately known. The amount of periodate employed in each test is sufficient 
to oxidise 0-16 g of monoglyceride or 0-022 g of glycerol. _ As the proportions of these se coemaed , 


in the sample are not related, a preliminary experiment might be required. yaar Ss 


a Dissolve the sample in about 50 ig chloroform - m - pyridine - acetic acid ‘mixture and dilute > 


> In the determination of n meneghpentidien, put 25 ml of thea above s solution by pipette into a 500-m! 
- glass- -stoppered flask and then add 50 ml of the potassium periodate in sulphuric acid - acetic acid. 
Set the flask aside for 30 minutes in the dark, and then add 20 ml of potassium iodide solution and : 
100 ml of water; titrate the liberated iodine with sodium thiosulphate, using starch as indicator. 
— Carry out a similar procedure for the blank, but using the solvent —_— in place of the mono-— 
__In the determination of glycerol, place 25 ml of the sample solution by pipette into a 500-ml 
on- -stoppered flask, and then add 100 ml of water, swirling the mixture several times. Add 25 a: 
of aqueous potassium periodate solution and set the flask aside for 30 minutes in the dark, ag 
occasional swirling. | Add 20 ml of potassium iodide and 25 ml of 2 N sulphuric acid, and titrate 
the liberated iodine with sodium thiosulphate. ; 25 ml of the solvent “mixture: in the blank — 


ANALYSIS OF TECHNICAL MONOGLYCERIDES WITH POTASSIUM PERIODATE 

Add — Ture reagent commonly employed in the analysis of technical monoglycerides is a solution of | 

Use periodic acid?! or sodium periodate* in acetic acid. The sample is usually dissolved in chloroform [ 

After § and after the extraction of the uncombined glycerol with water, the aqueous and chloroform — ‘Sa oat oe 

— 

— 

| 

. 

Starch indicator, per cent. solution, ia. | 

The cize of the camnle nced far analwdic ic governed hy the ma olwreride and glwrerol content 
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= = titration of titration sample (glycerol), 
weight of sample in the aliquot taken for test, and fat 


“monoglyceride and a sample of monostearin prepared in the "saa by the method of Fischer, 

Bergman and Barwind.? They were analysed by the method of Pohle and Mehlenbacher® and by 

= modified procedure described in this Note. < _ The ‘reproducibility of the results is approximately 

+ 05 ‘per cent. for monoglycerides + 0-2 per cent. for glycerol. comparison of ‘results 

obtained with the two methods is given in Table I. 


OF MONOGLYCERIDES AND UNCOMBINED GLYCEROL BY (a) 


AND MEHLENBACHER'S METHOD AND POTASSIUM PERIODATE METHOD 


| Sample _ Method (a (a), Method (6), Method (a (b), 
‘Technical monostearate.. .. 38-79 “81 Lie 6-99 — 


Pohle, We... Mehlenbacher, V. Cook, J. H., Oil & So 1945, 22, 115. 
Handschumaker, E., and Linteris, L., J. Amer. Oil Chem. Soc., 1947, 24, 143. 
 Pohle, W. D., and Mehlenbacher, V. Ibid., 1950, 27, 54. 
_Doadrio, A,, and Montequi, R., An. Real. Esp. Fis. Quim., 1952, 48B, 6. . 
Kruty, M., Segur, J. B., and Miner, C. S. J. Amer. Oil Chem. Soc., 1954, 431, 4 
7. Fischer, E., Bergmann, M., and Barwind, H., Ber., 1920, 53,1589. 
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Jan., 1956) MINISTRY OF AGRICULTURE, ‘FISHERIES AND FOOD 


Agriculture, Fisheries and Food 


STATUTORY 
= T This Order brings the Food and Drugs Amendment Act, 1954, into boise on sion Ist, 1066 
(with the exception of section 28, which came into operation on November 25th, 1954.) — a ; 
Wd Food and Drugs Act, 1955, will come into operation as a consequence of the coming into operation ‘ a 
uf a the 1954 Act, on the same day and immediately after the 1954 Act comes into operation. The Pe 
a a 1955 Act is a consolidation measure; it repeals the 1954 Act and consolidates it together with the — 
_ Food and Drugs Act, 1938, the Food and Drugs (Milk, Dairies and Artificial Cream) Act, 1950, 
and certain other enactments amending and supplementing Part V of the 1938 Act in ail 7@ 
te slaughterhouses and knackers’ yards. : 
-1958— — No. . 1899. The Food Standards (Butter and | Margarine) Regulations, 1955. Price 24. 


Pct These Regulations, ‘which came into operation on January Ist, 1956, ‘should be ‘read with the me 
hn Standards (General Provisions) Order, 1944, as amended (now having effect as if contained in 


A, 


a 


regulations made under section 4 of the Food and Drugs Act, 1955). They prescribe standards ie 
for butter and margarine similar ilar to those previously cont contained ir in section | 32 32 of the. were and Drugs 


1955—No. 1900. The Labelling of Food (Amendment) 1955. 3d. 


aes Aad Regulations, , which came into operation on January lst, 1956, apply in pele and Wales — 
They amend the Labelling of Food Order, 1953, as amended (which Order has effect in 
ee Rae England and Wales as if contained in regulations under section 7 of the Food and Drugs Act, a4 
ay 1955), to re-enact with modifications certain requirements of the repealed sections 32 (2) and 33 
of the Food and Drugs Act, 1938, relating to the labelling, marking and advertising of margarine — 
The new definition of “margarine” contained in The Food Standards (Butter and Margarine) Regula- . 
tions, 1955 (above), is repeated in these Regulations. te: 
Regulations also substitute the description “imitation cream’’ for ‘synthetic cream” 
of Table A in the, First Schedule to the 


1955. No. 1901 The Mineral Oil tn (Amendment) Regulations, 1955. P Price 2d. 


eae These Regulations, which came into operation on January lst, 1956, amend the Mineral Oil in Food 
a =? Order, 1949, as amended, which, by virtue of section 136 (2) and Part I of the Twelfth Schedule 
a : to the Food and Drugs Act, 1955, is continued in force in England and Wales as if contained © 
in regulations made under section 4 of that Act. 
ae a These amending Regulations, having regard to the inclusion of of chewing compounds in the dipeition 
= Viet a. “food” in the 1955 Act, provide that the prohibition in the principal Order relating to mineral 
a vc ea ae in food shall not apply in relation to chewing compounds which contain not more than 12-5 parts 


standard purity for wax is contained in the definitions in these 


Diy? Recommenpatiows RELATING TO THE oF COLOURING IN 


Tar Minister of Agriculture, Fisheries and Food has approved for publication a iaciiiidieasbiens Report 

"presented to the Food Standards Committee by their Preservatives Sub-Committee, making recommenda- 

tions about the use of colouring matters in foods, 

Any representations should be addressed to the Assistant Secretary, Food Standards and Hygiene © 

Be Ministry of Agriculture, Fisheries and Food, Great Westminster House, Horseferry Road, London, 
S.W.1, to arrive not later than January 3lst, 1956. 

_ Copies of this Supplementary Report may be obtained from E H.M. hospices dite Office, pri 
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slips bearing to British Standards have been issued by the Institution, as follows— ‘telat 
ek PD 2329—Amendment No. 1 (October, 1955) to B.S. 391:1949. Tung Oil = 
2334—Amendment No. 2 1968 to BS. 2005 : 1953. Glossary of Terms Applicable the i 


PD: 2345—Amendment No. 2 (November, 1955) to B.S. 846: 1952. Burettes and Bulb Burettes, inclu 


vi PD 2346—Amendment No. 1 (November, 1955) to B.S. 1428:Part E1:1953. Crucibles for Micro. kind: 
~ oe PD 2348—Amendment No. 2 (November, 1955) to B. S. 604:1952. Graduated Measuring ‘Cylinders. 
PD 2354—Amendment No. 1 (December, 1955) to B.S. 1911: 1953. Genuine Hard Soap. 


2355—Amendment No. 1 1955) to B.S. 1912: 1953. ‘Soap Flakes. = 
| 
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Tue Extra PHARMACOPOEIA Published by direction of the Council of the Pub 
_ - Pharmaceutical Society of Great Britain. Twenty- -third Edition. In two Volumes of K 


Volume II. Pp. xxxii + 1501. London: Pharmaceutical Press. 1066. to t 


ae ‘The first edition of ' “Martindale,” ” published i in 1883, consisted ofa single volume of 313 vail 4 
NA 


ee volume was appreciably the smaller, but now, for the first time, it has become slightly larger. | 
° It may be explained that, broadly, Volume I is concerned with descriptions of drugs and therB 
ad preparations together with notes and references to the medical literature on their usage, while | 


inse 
- 4 Volume II is devoted to descriptions of practical procedures in analytical chemistry, biochemistry,f jy 4 
_ bacteriology, pathology, nutrition and clinical methods. __ 


_ The present work opens with 446 pages of Analytical Addenda to Materia Medica, all clearly 
rinted in closely set small type. Besides embracing significant data additional to that embodied 
i in the British Pharmacopoeia, 1953, and the British Pharmaceutical Codex, 1949 and 1954, it 1, 
: e 7 also includes a number of assays and standards of the United States Pharmacopoeia XIV andf ug 
_ 4 the American National Formulary [X, while some of the important changes in standards made} 
in the U.S.P. XV (1955) and the N.F. X are listed in the Preface. This is the largest and most 
*) ‘important | section of the book, and comparison with the same part ‘of the twenty-second edition o 
- (1943) shows that every monograph has been revised and the old Latin titles discarded. _ Hundreds i. 
working abstracts of analytical methods are given, in every case the referene® the 
_to the original literature, many to papers in The Analyst. =) 
» The majority y of the remaining sections have been written ne this edition | by specialists 
mes whose names are listed in the Preface. _ In order to give some idea of the enormous field o the 
a ae covered by this book it may be helpful to mention the titles of the sections, at the 
same time again reminding the reader of the small but clearly printed type employed throughout 
.-% Indeed, certain sections may well be regarded as sizable books of practical reference on their ow} ,., 
, tgs account. Enumerating, after the Analytical Addenda section, we have: Hydrogen- ion Concen-— 
tration; ~ Reduction Potentials; Polarographic Analysis; Indicators; _Ion- exchange 
5, Resins; Titration in Non- -aqueous Media; Microchemical Analysis; Chromatographic Analysis; = 
3 Analytical Absorption Spectrophotometry; Fluorimetric Analysis; Microbiological Assay of Vita = 
i as mins; Food Analysis and Food Law (94 pages) ; Water Analysis; Recognition of Organic Substances; 
Nomencia .ture of Organic Compounds; Relation between Chemical Constitution and Therapeutit 
Effect ; Compressed Tablets; Bacteriological and Clinical Notes with Reference to Special 
e : and Culture Media for Bacteriological Investigation (110 pages); Sterilisation; Disinfectants; 
Radiotherapy; X-Ray Diagnosis; Electrotherapy; Diathermy; Radiant Energy; British Spas; 
_ Nutrition; Vitamins; Haematology and Clinical Biochemistry; Proprietary Medicines. The Index a 
comprises 67 pages and contains about 9400 references. In all this there is material of value to ads 
_ almost every analyst, whatever his speciality may be. The Contribution on Food Analysis andj ,, 
_ Food Law, by T. McLachlan and F. A. Lyne, justifies the comment already made to the effect 
‘that some sections are almost textbooks in themselves. of Here we have a wealth of authoritativ§ 


* Obtainable from the British Standards ds Institution, Sales } Department, 2 Park Street, London, “ Pot 
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practical information most t conveniently arranged, and one observes. ‘aoe even the Lane and 
Eynon sugar tables are included. _ A particularly attractive feature of this section is the close 
juxtaposition of the details for carrying out the laboratory work and the legal considerations — 
governing the interpretation of results. _ So far as the reviewer could ascertain, wenny: legal standard 
relating to food with full references to all Regulations and Orders is given. pels aa i ghr hilt 


_ _ The ever-increasing importance > of tablets for the administration of medicine has prompted — 
the introduction of a section new to this edition, entitled ‘Compressed Tablets,” in which a well __ 
known expert, A. Nutter Smith, summarises the essential features of this important subject and a 
includes the methods of preparation and standardisation of physical anaes of the various 
_ There is only space to comment on one other section, namely, Haematology and Clinical — 
Biochemistry. Actually, Haematology is presented as a separate section, but for the purposes 
of review may be conveniently linked to the one that follows. Valuable practical notes on the 
chemical analysis of body fluids have always been a prominent feature of ‘‘Martindale” and now > 


the 78-page section of the previous edition is -Teplaced by a thorough-going fully documented _ 


tt Pp. xi + 696. New York and London: Interscience Publishers Inc. Price $14.00; 112s 


practical discourse written by D. N. Baron, E. T. Knudsen and C. F. Rose, comprising 51 —_ 
on Haematology and 298 pages dealing with Clin al Biochemistry. 

The work of < arranging all this information has been undertaken by the Staff of the Scientific 
Publications Department of the Pharmaceutical Society of Great Britain under the Editorship — 


| of K. R. Capper and Assistant Editorship of S. C. Jolly, and to all of them the analyst has — 


to be grateful. ‘The book: is well, produced and worth moderate price. 


ANALYSIS OF INSECTICIDES AND AcARICIDES. A. GUNTHER and ROGER C. = 


q 
a One of the principal developments in agricultural science in post-war years lies in the field of s nA 
insecticides and fungicides. Whereas before 1938 the number of such compounds in common ae k 

in agriculture and horticulture could probably b be counted on the fingers of two hands, ‘the number | 

of such compounds developed since that time, many indeed of which are now in common use 


The use of these new compounds: is now very widespread and, although they are el 
selected on account of their is xicity to man, nevertheless nearly all of them, if ingested in _ 


detection and determination of residues remaining on crops at the time of sale to the oats — 
oo With these facts i in mind, all analysts concerned with the examination of foodstuffs will w elcome 
the present volume, which deals not with the of ‘such residues, but also 

_ The book is divided into a number of sections, ‘the most important of which deal with: By 
sampling—a matter of considerable importance when it is realised that of necessity er ‘ ae 
the amount of which depends on many factors, are bound to be unevenly distributed; (2) pre- 
‘liminary extraction of the residues; (3) methods for ‘‘cleaning up”’ the extracts in order to remove | 
interfering substances before specific tests for the compound that is being sought are applied 


__. This last part of the work occupies more than half the volume and the majority of the now 


known insecticides and acaricides are considered in some detail. 


_ In each instance the physical properties of the compound are given and this is followed by 
methods for the examination of the commercial insecticide as it is sold to the farmer. . Finally — 


methods are given for the: examination of the ‘‘cleared extracts” obtained as described in 


\ a In most instances more than one method of analysis is given for a ‘particular compound. 


Some of these methods are those now officially recognised by standardising bodies in different 


parts of the world, whereas others are new and have yet to be rigorously examined by collaborative es 
S te devising ‘methods of analysis both for the commercial insecticides and for residues, full — 
advantage has been taken of recent developments in analytical chemistry and, apart from se o 


_ colorimetric as methods include bio-assays, physical methods and radioactive-tracer 


“i, At the end ~ the 1e book detailed ultra-violet and infra-red spectra are given for such com- 


Pounds as lend by virtue of their m to such examination. 
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nal et It is not possible in a review of this nature to criticise the methods recommended by the} 
_ authors, which have as yet not been generally accepted. No doubt some criticisms will appear 


___ It is unfortunate that no mention is made of the examination of mercury compounds, by 


_ this may well be due to the fact that such compounds are apparently not regarded with any 
Finally, the authors are to be congratulated on a book that is full of valuable 
information, much of which is clearly based on their own practical experience and which shoulf 
be of considerable value to all analysts working in this field eae ee HvuBERT HAMENCE 
BENTLEY AND DRIVER’ TEXT-BOOK OF PHARMACEUTICAL Revised by JouNn EDMUND 
Driver, M.A., Ph.D., M. Sc., F.R.L.C. Sixth Edition. Pp. viii + 751. Oxford University 
ANALYSE QUALITATIVE MINERALE. By Paut-E. WENGER, Dr. és Sc., Denys Monnier, Dr. és 
Yvonne Rusconi. “Pp. xviii + 315. Geneva: Georg & Cie., 1955. Prige 
M1 IKROSKOPISCHE UNTERSUCHUNG PFLANZLICHER NAHRUNGS-UND GENUSSMITTEL. By the late 
_ ‘Dr. Gustav GASSNER, revised by Dr. FRIEDRICH Botue. Third Edition. Pp. xvi + 400. 
Stuttgart: Gustav Fischer Verlag. 1955. Price DM33. = 
= ANALYSIS OF MINERALS AND ORES OF THE RARER ELEMENTS. By the late W. R. SCHOELLER, J 
PhD., A. PoweLt, F.IM., F.RLC., Pp. xvi 408, Third 
DESIGN / Its STaTIsTICAL Basis. ‘By D. ‘J. FINNEY, MA., ‘seD., F.RS. 
xii + 169. London: Cambridge University Press. 1955. Price 30s. 
THe Nationat Formutary. Tenth Edition. — Pp. xliv. + 867. Washington, D. C.; American 
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Portraits of “1 Past ‘Presidents 
- ‘Tree further | natu portraits i in the series en of Portraits of Past Presidents are now if 
of Mr. Lewis Eynon (President: 1947-1948), Mr. George Taylor, 
_ (President: 1949-1950), and Dr. J. R. Nicholls, C.B.E. (President: 1951- 1952). Members of 
‘ the Society and subscribers to The Analyst who wish to receive gratis copies of these three § 


‘portraits should apply to the ; Editor, The Analyst, 7-8 Idol Lane, London, E.C.3, before Februa: 
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